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LETTER  OF  TRANSMITTAL. 


To  the  Members  of  the  Virginia  Board  of  Agriculture  and  Immigra- 
tion, and  the  Board  of  Visitors  of  the  Virginia  Polytechnic 

Institute: 

Gentlemen : — I  have  the  honor  to  submit  herewith  a  report  on  the 
Hydrography  of  Virginia,  prepared  by  N.  C.  Grover  and  R.  H. 
Bolster,  of  the  TJ.  S.  Geological  Survey,  in  co-operation  with  the  Vir- 
ginia Geological  Survey ;  and  to  request  that  it  be  published  as 
Volume  III  of  the  Geolc^cal  Series  of  the  Virginia  Survey. 
Kespectfully, 

THOMAS  L.  WATSON, 
Blacksburg,  Va.,  March  15,  1906.  Geologist  in  Charge. 


sdbyGoOgle 


HYDROGRAPHY  OF  VIRGINIA. 


ACKnOWLEDOMEinS. 

The  following  compilation  of  hydrographic  data  for  Vii^nia  is  the 
Teanlt  of  co-operation  during  1905  between  the  United  States  Geolog- 
ical Survey  and  the  Geological  Survey  of  Virginia.  It  has  been 
made  poseible  at  this  time,  however,  by  former  work  of  the  United 
States  Geological  Survey,  which  has  for  the  past  ten  years  main- 
tained a  number  of  gaging  stations  and  collected  much  information 
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most  valuable  data  in  r^ard  to  river  flow,  rainfall,  profiles,  ete., 
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TOPOGRAPHY  OF  THE  AREA. 

Virginia  lies' on  tlie  Atlantic  seaboard,  between  latitudes  36°  40' 
and  39°  30',  north,  and  longitudes  7.5°  and  84°  west,  and  comprises 
an  area  of  42,450  square  miles,  of  which  about  2,300  square  miles 
is  water  surface  included  in  landlocked  bays,  harbors  and  rivers. 
Its  boundary  is  very  irregular  except  on  the  south,  where  it  nearly 
coincides  with  a  parallel  of  latitude. 
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Within  its  borders  lie  the  headwaters  of  a  number  of  prominent 
rivers  of  the  Middle,  South  Atlantic,  and  South  C^itral  States.  The 
drainage  map  of  Virginia,  Plate  II,  brings  out  dearly  the  influeoitial 
character  of  theee  drainage  basins. 

The  importance  of  the  r^on  has  long  been  appreciated,  and  much 
work  has  been  done  by  various  government  bureaus  and  by  private 
parties  in  studying  phases  of  its  hydrography  and  hydrology. 

The  State  comprises  part  or  all  of  the  following  drainage  basins, — 
Potomac,  Minor  Cheeapeake,  Minor  Southern  Atlantic,  James,  Cho- 
wan, and  Boanoke,  which  enter  the  Atlantic  Ocean,  and  the  Ohio 
River  drainage,  which  enters  the  Eastern  Mississippi  River.  The 
Minor  Chesapeake  Bay,  Minor  Southern  Atlantic  Ocean,  and  Cho- 
wan River  drainages  comprise  most  of  the  eastern  part  of  the  State, 
which  is  low  and  flat,  and  has  hut  few  power  possibilities.  Practi- 
cally no  bydrographic  work  has  been  done  in  these  basins.  The  other 
basins  comprise  the  mountainous  area  of  the  State,  and  are  each  of 
considerable  importance  as  power  streams,  and  on  each  a  consider- 
able amount  of  hydrographic  information  has  been  collected,  as  given 
in  the  following  pages. 

The  principal  watershed  of  the  State  is  formed  by  the  Blue  Ridge 
of  the  Appalachian  Mountains  and  extends  from  Harpers  Ferry  in 
a  southwesterly  direction  across  the  State.  West  of  and  parallel  to 
this  range,  and  containing  still  higher  summits,  are  the  Shenandoah 
Mountains,  while  still  farther  west  are  the  All^hanies. 

The  Blue  Ridge  is  pierced  near  the  northern  border  of  the  State 
by  Potomac  River  at  Harpers  Ferry,  and  \vithin  the  State  by  Jamee 
River  at  Balcony  Falls  near  Glasgow,  and  by  Roanoke  River  near 
Stewartsville.  The  Shenandoah  Mountains  are  pierced  at  three 
points  by  tributaries  of  the  James:  by  Jackson  River  at  Iron  Qate 
near  Clifton  Forge,  by  Cowpasture  River  a  few  miles  north  of  Clif- 
ton Forge,  and  by  North  River  near  Panther.  The  Allegany 
Mountains  are  pierced  by  New  River  near  the  western  border  of  the 
State  at  the  Narrows. 

The  highest  altitudes  are  found  near  the  southern  boundary,  where 
Rogers  Mountain,  the  highest  point  in  the  State,  has  an  elevation 
of  5,71i)  feet.  Only  one  other  summit  in  the  State,  White  Top 
Ridpe  (fi,!>SO  feet),  has  an  elevation  over  5,000  feet  Five  peaks, 
however,  reach  altitudes  between  4,500  and  5,000  feet,  and  seven- 
teen are  between  4,000  and  4,500  feet  high. 

West  of  the  Blue  Ridge  the  country  is  broken  by  sharp  mountain 
ridges,  trending  generally  northeast  and  southwest,  divided  by  val- 
leys wliioh  in  the  northern  port  are  drained  bv  trihQtarie&  of  the 
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Potonsc  Birer,  flowing  uortheaatward,  and  in  the  aouthem  part  b; 
New  Biver  and  its  tributariee,  whoee  waters  flow  throu^  tbe  Oreat 
Kanawha  into  Ohio  Biver.  The  extreme  southwefltem  part  of  the 
State  is  drained  by  tributaries  of  the  Big  Sandy,  Holaton,  and  Clinch 
Rivera.  The  topography  of  all  of  this  section  of  tbe  countiy  is  exceed- 
ingly rough,  and  the  rivers  flow  through  valleys  having  steep  side 
slopes. 

East  of  the  Blue  Ridge  there  is  a  gradual  descent  from  the  moun- 
tains through  the  hilly  section  of  central  Vii^nia  te  tiio  Coastal 
Plain,  the  western  boundary  of  which  is  formed  by  what  is  called 
the  "fall  line,"  the  narrow  zone  where  the  granitic  rocks  pass  below 
tide  level.  Over  this  "fall  line"  tbe  streams  pass  in  a  succession  of 
rapids  formed  hy  ledges  of  hard  rock  in  the  stream  beds.  It  is 
crossed  by  the  Potomac  at  Geoi^town,  by  the  Bappahannock  at 
Fredericksburg,  and  by  the  James  at  Bichmond. 

The  rivers  within  the  Coastal  Plain  are  generally  tidal,  with  low 
velocities.  In  the  Boutheastem  comer  of  tbe  State  is  the  Great  Dis- 
mal Swamp,  the  highest  point  of  which  is  about  22  feet  above  sea 
level.  Within  the  swamp  is  Dnunmond  Lake,  which  has  an  area  of 
about  5  square  miles  and  forma  the  only  fresh-water  surface  of  con- 
siderable size  in  Virginia, 

The  following  table,  taken  from  Gannett's  Gazetteer  of  Virginia, 
shows  the  distribution  of  altitudes  within  the  State: 

Areas  in  Virginvi  at  different  attitudes. 

Fact.  3q.  mi. 

0  to      100 B  ,700 

100  to      500 10 .500 

SOO  to  1  .000 5 ,960 

1 .000  to  1  .500 4 .700 

1 , SOO  to  2 .000 4 .200 

2  XWO  to  3 ,000 a  .800 

3 .000  to  4  ,000 600 

Virginia  was  originally  forested  over  nearly  all  its  area,  but  the 
smount  of  available  timber  now  remaining  is  comparatively  small. 
No  estimate  of  it  has,  however,  been  made. 

Bainfall  witliin  the  State  is  fairly  well  distributed  throughout 
the  year,  and  ranges  from  40  to  60  inches  annually.  Most  of  the 
r^on  east  of  the  Bine  Ridge  has  an  annual  rainfall  between  45  and 
50  inches.  In  tbe  mountainous  area  much  of  the  precipitation  in 
the  winter  months  is  in  the  form  of  snow,  which  accumulates  to  con- 
siderable depths  and  the  melting  of  which  furnishes  water  for  the 
spring  freshets  so  prominent  in  the  regimen  of  the  rivers.  An  im- 
portant characteristic  of  the  rainfall,  which  mOBt  be  considered  in 
<^tmection  with  the  flow  of  the  streams,  is  the  lai^  amoiuit  of  pm^ 
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cipitation  during  the  summer  montha,  when  loss  from  evaponitioB 
is  nt  a  maximtim. 

The  mean  annual  temperature  ranges  from  50  degrees  in  the 
mountainous  parts  of  the  State  to  60  d^^reee  in  t^e  Coastal  Plain 
region. 

The  drainage  basins  of  the  State  are  here  considered  in  order  from 
north  to  south,  and  for  each  basin  is  given,  aa  far  as  available,  a  de- 
tailed description,  which  includes  data  in  regard  to  slope,  and  a 
profile,  I'ecords  of  river  stages,  estimates  of  flow,  rainfall  data,  and 
other  information. 

METHODS  OF  WORK. 

FIELD  UETHODS. 

The  methods  b;  which  the  records  of  stream  discharge  have  been 
raacie  are  those  in  common  use  in  the  United  States  Geological  Sur- 
vey; thej  are  described  in  detail  in  Water-Supply  and  Irrigation 
Papers  KoB.  94  and  95,  and  briefly  in  the  annual  Progress  B^wrts 
lor  1!)04  and  1906.  An  outline  of  the  method  used  in  Virginia  is 
given  biilow,  to  assist  in  making  clear  the  data,  which  follow. 

A  gsge  for  observing  the  stage  of  the  river  is  established  at  a 
bridge  or  other  place  where  the  record  of  flow  is  to  be  made.  Thia 
gage  18  a  vertical  staflf,  or  some  other  device  by  which  the  hei^t  of 
water  may  be  observed,  and  is  read  each  day,  by  a  person  living 
near  by.  The  average  of  the  gage  readings,  if  more  than  one,  in  any 
day  is  used  as  the  mean  gage  height  for  that  day. 

At  various  stages  o£  the  river  one  of  the  hydrographers  of  the 
Survey  visits  the  station  and  measures  with  a  current  meter  the 
amount  of  water  flowing.  This  meter  is  primarily  an  instrument  for 
measuring  the  velocity  of  moving  water,  and  consistB  essentially  of 
a  wheel  vnth  vanea,  which  may  be  shaped  like  those  of  a  windmill 
or  of  a  screw,  or  with  cups  like  those  of  an  anemometer,  the  neces- 
sary qualification  being  that  moving  water  shall  readily  cause  the 
wheel  of  the  meter  to  turn.  Each  meter  is  rated  before  use.  The 
rating  is  done  by  moving  the  meter  through  still  water  at  varioua 
observed  speeds  to  determine  the  relation  between  the  velocity  with 
which  the  meter  moves  through  the  water  and  the  revolutions  of  the 
wheel.  This  relation  having  been  determined,  the  meter  is  used  in 
running  water,  the  revolutions  per  unit  of  time  noted,  and  the  ve- 
locity of  the  water  computed. 

Observations  of  Hepth  of  water  are  also  made,  and  from  them  the 
area  in  cross  section  of  each  portion  of  tiie  stream  is  computed ;  each 
partial  area  multiplied  bv  the  mean  velocitv  of  tJbat  area  gives  a 
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partial  discharge;  the  sum  of  the  partial  discharges  is  the  total  dis- 
charge of  the  stream. 
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Meaaurementfi  of  flow  as  outlined  above  are  made  covering  a  con- 
slderable  range  of  gage  height.  The;  are  then  plotted  on  ooordinate 
paper,  with  gage  heights  for  ordioates  and  discharges  for  abscissas, 
and  a  smooth  curve,  called  the  rating  curve,  is  drawn  through  the 
points.  From  t^is  curve  a  rating  table  is  made  which  shows  the  dis- 
charge of  the  stream  for  any  gage  hei^t 

The  data  ueceesar;  for  the  construction  of  a  rating  table  for  a 
gaging  station  as  just  stated  are  the  results  of  the  discharge  measure- 
ments, which  include  the  record  of  stage  of  the  river  at  the  time  of 
measurement ;  the  area  of  the  cross  section ;  the  mean  velocity  of  tlte 
current  and  the  quantity  of  water  flowing;  and  a  thorough  knowl- 
edge of  the  conditions  at  and  in  the  vicinity  of  the  station. 

The  construction  of  the  rating  table  depends  upon  the  following 
laws  of  flow  for  open  permauMit  channels:  (1)  The  discharge  will 
remain  constant  ao  long  ae  the  conditions  at  and  near  the  gaging  sta- 
tion remain  constant;  (2)  Neglecting  the  change  of  slope  due  to  the 
rise  and  fall  of  the  stream,  the  discharge  will  be  the  same  whenever 
the  stream  ie  at  a  given  stage;  (3)  The  discharge  is  a  fimction  of, 
and  increases  gradually  with,  the  stage. 

The  plotting  of  reeolte  of  tlie  various  discharge  measurements, 
using  gage  heists  as  ordinates,  and  discharge,  mean  velocity  and 
area  as  abscissas,  will  define  curves  which  show  the  dischai^,  mean 
veloci^,  and  area  corresponding  to  any  gage  height  For  the  devel- 
opment of  these  curves  there  should  be,  therefore,  a  sufficient  number 
of  discharge  measurements  to  cover  the  range  of  the  stage  of  the 
itream.  Plate  I  shows  a  typical  rating  curve  with  its  corresponding 
mean  velocity  and  area  curves. 

As  the  discharge  is  the  product  of  two  factors,  the  area  and  the 
mean  velocity,  any  change  in  either  factor  alone  will  produce  a  cor- 
responding change  in  the  discharge.  Their  curves  are  therefore  con- 
atmcted  in  order  to  study  each  independently  of  the  other. 

The  area  curve  can  be  definitely  determined  from  accurate  sound- 
lags  extending  to  the  limits  of  high  water.  It  is  always  concave 
toward  the  horizontal  axis  or  on  a  straight  line  unless  the  banks  of 
the  stream  are  overhanging. 

The  form  of  the  mean  velocity  curve  depends  chiefly  upon  the  sur- 
face slope,  the  roughness  of  the  bed,  and  the  cross  section  of  the 
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with  the  relative  change  of  these  factore  the  ourv«  may  be  either  a 
straight  line,  a  curve  convex  or  concave  toward  either  ajiis,  or  a 
combination  of  the  three.  From  a  careful  study  of  the  conditions  at 
any  gaging  station,  the  form  which  the  vertical  velocity-curve  will 
take  can  be  predicted,  and  it  may  be  extended  with  reasonable  cer- 
tainty to  stages,  beyond  the  limite  of  actual  measureinente.  it  is 
used  principally  in  connection  with  the  area  curve  in  locating  errors 
in  discharge  measurements  and  in  constructing  the  rating  table. 

The  discharge  curve  is  defined  primarily  by  the  measurements  of 
discharge,  which  are  studied  and  weighted  in  accordance  with  the 
local  conditions  existing  at  the  time  of  each  measurement.  The  curve 
may,  however,  be  best  located  between  and  beyond  the  measurements 
by  means  of  the  curves  of  area  and  mean  velocity.  This  curve,  under 
normal  conditions,  is  concave  towards  ihe  horizontal  axis,  and  is 
generally  parabolic  in  form. 

In  the  preparation  of  the  rating  table  the  discharge  for  each  tenth 
on  the  gage  is  taken  from  tlie  curve.  The  differences  between  suc- 
cessive discharges  are  then  taken  and  adjusted  according  to  the  law 
that  they  shall  either  be  constant  or  increasing. 

Prior  to  the  fall  of  1903  wire  gages  were  used  at  many  of  the 
stations  for  observing  the  stage  of  the  river.  The  correct  length  of 
gages  of  this  Qrpe  was  difficult  to  maintain  on  account  of  the  stretch- 
ing of  the  wire.  Small  changes  of  length  took  place  frequently, 
making  necessary  the  application  of  corrections  to  the  observed  gage 
heights  at  the  stations.  In  some  instances  the  magnitude  of  the  cor- 
rections and  the  time  over  which  they  should  have  been  applied  were 
not  recorded,  and  the  proper  adjustments  are  therefore  somewhat 
in  doubt  In  such  instances,  if  the  data  warranted  it,  the  gage 
heists  were  corrected  by  the  amount  that  the  measurements  of  the 
period  in  question  were  vertically  above  or  below  the  curve.  It  is 
believed  that  by  the  use  of  corrected  gage  heists  reasonably  accnrate 
estimates  of  discharge  have  been  made  for  all  the  rivers  described. 
Accompanying  the  rating  tables  are  given  as  far  as  possible  state- 
ments concerning  the  measurements  on  which  it  has  been  based  and 
the  probable  degree  of  accuracy  of  the  results. 

The  extent  of  frozen  periods  at  all  the  stations  is  very  uncertain. 
All  ice  notes  are  from  observers  gage  height  records  but  as  the  ob- 
servers notes  are  very  incomplete  their  absence  does  not  always  imply 
open  channel  conditions.  Estimates  for  ice  periods  have  been  made 
as  if  open  channel  conditions  existed,  except  as  noted.  This  method 
involves  errors  over  the  relatively  short  ice  periods  of  a  few  to  forty 
per  cent. 
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The  volume  of  water  fiowing  in  a  stream,  the  "nm-off,"  is  ez- 
preaaed  in  various  terms,  each  of  which  is  associated  with  a  certain 
class  of  work.  These  terms  may  be  divided  into  two  classes:  those 
which  represent  a  rate  of  flow,  as  second-foot,  gallouB  per  minute, 
and  run-ofi  in  second-feet  per  square  mile ;  and  those  which  repre- 
sent actual  quantitiee  of  water,  as  run-ofF  in  depth  in  inches.  Iliey 
may  be  defined  as  follows : 

"Second-foot"  is  an  abbreviation  for  cubic  foot  per  second,  and  is 
the  quantity  of  water  flowing  in  a  stream  one  foot  wide,  one  foot 
de^,  at  the  rate  of  one  foot  per  second.  It  is  generally  used  as  a 
fnndamental  unit  from  which  the  others  are  computed. 

"Gallons  per  minute"  is  geoerallj  used  in  connection  with  pump- 
ing and  city  water  supply. 

"Second-feet  per  square  mile"  is  the  average  number  of  cubic  feet 
of  water  flowing  per  second  from  each  square  mile  of  area  drained, 
ma  the  assumption  that  the  run-off  is  distributed  imiformly  both  as 
regards  time  and  area. 

"Run-off  in  inchee"  is  the  depth  to  which  the  drainage  area  would 
be  covered  i{  all  the  water  flowing  from  it  in  a  given  period  were 
conserved  and  uniformly  distributed  over  the  surface.  It  is  used  for 
comparing  nin-off  with  rainfall,  which  is  usually  expressed  in  depth 
in  inches. 

EXPLAKATIOK   OP  TABLES. 

For  each  regular  station  are  given,  as  far  as  available,  the  follow- 
ing data: 

1.  Deecription  of  station. 

2.  List  of  discharge  measurements. 

3.  Oage-hei^t  tables. 

4.  Rating  tables. 

5.  Tables  of  estimated  mtmthly  and  yearly  dischargee  and  run- 
off, based  upon  all  the  facts  available  to  date. 

The  descriptions  of  stations  give  such  general  information  about 
the  locally  and  equipmrait  as  would  enable  the  reader  to  find  and  use 
the  station.  They  also  give,  as  far  as  possible,  a  complete  history  of 
ill  &e  changes  that  have  occurred  since  the  establishment  of  the  sta- 
tion that  would  affect  the  use  of  the  data  collected. 

The  discharge-measurement  table  gives  the  results  of  the  discharge 
nieasnrements  made  during  each  year,  and  includes  the  date,  the 
ntme  of  the  hydrograpber,  the  gage  height,  the  area,  the  mean  veloc- 
ity, and  the  discharge  in  Becond-feet. 
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The  tables  of  daily  gage  heights  give  for  each  day  the  hej 
of  the  Burfaoe  of  the  river  as  fouad  from  the  mean  of  the  gage  n 
ingB  takea  on  t^at  day.  The  gage  height  given  in  the  table  represi 
the  elevation  of  the  surface  of  the  water  above  Uie  zero  of  the  gt 

The  rating  tables  give  dist^ai^ges  in  aecond-feet  correeixmdin^ 
each  stage  of  the  river  aa  given  by  the  gage  heights. 

In  the  tables  of  estimated  monthly  discharges  the  column  heai 
"Maximum"  gives  the  mean  flow  for  the  day  when  the  mean  gl 
height  was  highest,  and  it  is  the  flow  as  given  in  the  rating  table  1 
that  mean  gage  height.  As  the  gage  height  is  the  mean  for  the  di 
there  might  have  been  short  periods  when  the  water  was  higher  ■ 
the  correeponding  diechai^e  lai^r  than  given  in  this  column.  Lil 
wise  in  the  column  of  "Minimum,"  the  quantity  given  is  the  ma 
flow  for  the  day  when  the  mean  gage  height  was  lowest  The  colud 
headed  "Mean"  is  the  average  flow  for  each  second  during  the  moni 
Upon  this  the  computations  for  the  two  remaining  columns  are  bas9 

POTOHAC  RIVER  DRAIRAGE  BASDI. 

DE8CBIPTION  OF  THE  BASIN. 

Potomac  River  is  formed  by  the  junction  of  the  North  and  Sout 
branches  about  15  miles  below  Cumberland,  Md.,  from  which  poii 
it  flows  in  a  southeasterly  direction  into  Chesapeake  Bay.  For  il 
entire  length  it  makes  the  southern  boundary  of  the  State  of  Marj 
land  and  the  northern  boundary  of  the  States  of  West  Virginia  an! 
Virpnia.    It  drains  a  total  area  of  about  14,500  square  miles. 

The  North  Branch  rises  in  the  All^hany  Mountains  near  thf 
western  comer  of  Maryland;  the  South  Branch  in  the  Alleghanj 
Moimtains  in  Virginia  and  West  Vii^nia.  These  branches,  witb 
their  tributaries  and  the  tributaries  of  tlie  main  stream  as  far  down 
as  the  Shenandoah,  drain  a  series  of  narrow  and  generally  fertilfl 
valleys  lying  between  the  parallel  ranges  which  make  up  the  system 
of  the  Alleghanies  in  this  r^on.  Their  slopes  are  not  as  a  rule  very 
great,  and  their  beds  are  of  gravel  and  sand.  The  slopes  of  tlieir 
drainage  basins  are,  however,  usually  very  steep,  and  after  a  rain 
the  water  collects  quickly  in  the  rivers.  There  are  few  lowlands  to 
be  overflowed,  and  no  lakes  whatever  in  the  region ;  consequently 
these  streams,  nnd  with  them  the  Potomac  River,  are  subject  to  very 
sndden  and  heavy  freshets  in  wet  seasons,  while  in  dry  seasons  their 
discharge  becomes  small.  The  record  of  gage  heights  at  Point  of 
Rocks,  Md.,  covering  a  period  of  over  ten  years,  shows  a  maximum 
range  of  about  24  feet :  and  for  several  years  the  range  has  been  more 
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than  20  feet  in  each  year.  The  correapoiidiDg  mazimum  and  min- 
imimi  dischai^;e6  hare  been  estimated  at  218,700  second-feet  and 
900  second-feet,  reepectivelj. 

The  slopes  of  the  tributary  basin  of  the  Shenandoah  River  are  in 
many  instances  steep,  but  the  valley  through  which  the  "Shenandoah 
Hows  is  generally  broader  and  more  lands  are  subject  to  overflow. 
The  slope  of  the  river  itself  is  usually  greater  than  the  slopes  of  the 
tributaries  above  mentioned.  '  As  a  result  tiie  fluctuations  in  this 
stream  are  not  so  great,  having  a  maximum  range  of  about  19  feet 
at  MiUville  in  ten  years,  while  the  average  annual  fluctuation  is  10 
feet  or  less.  The  discharge  in  this  period  has  ranged  between  ap- 
proximately 140,000  second-feet  and  480  second-feet 

From  the  junction  of  the  North  and  South  branches  below  Cum- 
berland, Md.,  the  Potomac  cuts  through  the  mountains  at  nearly  a 
right  angle.  Its  valley  is  narrow,  its  slope  in  many  places  great; 
the  bed  is  generally  gravel  and  bowlders,  with  ledge  rock  at  small 
depth  which  often  appears  at  the  surface.  The  banks  are  usually 
high  and  not  subject  to  overflow.  It  crosses  the  fall-line  a  few  miles 
above  Washington,  and  reaches  tidewater  at  Georgetown. 

The  Baltimore  and  Ohio  Railroad  follows  the  river  for  its  entire 
length,  while  the  Norfolk  and  Weatem  Railroad  and  the  Cumberland 
Valley  Railroad  cross  the  stream.  The  Chesapeake  and  Ohio  Canal 
follows  it  from  Cumberland  to  Georgetown. 

The  following  tables  show  the  elevations  above  tide  of  a  number 
of  points  on  the  Shenandoah,  South  Branch  of  the  Potomac,  and 
Potomac  Rivers. 


Shpt  of  Iht  Shentnd'Mh  River, 


L<Hiitr. 

nbom 
lidt. 

ESSS 

poiDU. 

'Jul' 

pointo. 

Pill 

Bvpen  Ferry,  junetion  with 
Potomsc 

0.0 
2.6 
8-0 
18-0 
81,0 

&4.0 
ISO. 

Fit. 

mi 

3W 
«0 

«3j 
1.039t 

JfbL 

2.5 
5.5 
10,0 
13.0 
230 

96.0 

44 
40 
34 
40 
63 

586 

Ft* 

N«tr  mouth  oT  EiritU  Creek 

7.3 
3.4 

3  1 

CtmSunce  of  North  and  South 

Forki' 

Booth  Fork,  MU  Port  Repubhe. . . 

2-3 
6.1 

•Figlk>  o(  the  N«Mk  A  WMHn  RubDul 

liviUuKfaTH 

twnuMSb. 

sdbyGoo^lc 


HTDROOHAPHT  OF  TIBOIHU. 
Slope  ol  Ou  South  Bnmek  of  the  Potomac  River. 
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It  will  be  noticed  that  the  elevation  of  the  Potomac  ^era 
passee  through  the  Blue  Kidge  is  about  245  feet,  while  that  of  1 
James  at  its  passage  through  the  same  range  of  mountains  at  B] 
Ridge  dam  is  706  feet.  The  fall  of  the  Potomac  is  thereft 
much  smaller  than  that  of  the  James,  though  Btill  quit£  lar{ 
Of  the  245  feet  below  Harpers  Ferry  about  90  ooeur  in  a  sht 
distance  at  the  Great  Falls;  and  if  this  be  subtracted,  the  S 
in  the  remaining  distance  is  found  to  average  about  2.5  feet  per  mil 

As  a  water-power  stream  the  principal  disadvantage  of  the  Pot 
mac  is  the  great  variability  of  its  flow.  Good  rock  foundations  S 
dams  can  generally  be  found  at  email  depth,  the  banks  are  as  a  m 
favorable,  and  there  are  several  sites  where  large  falls  could  be  ra 
dered  available,  as  will  be  seen  hereafter.  Building  materials  a» 
generally  obtainable,  and  facilities  for  transportation  are  excellea 
A  very  insignifieant  amount  of  power  has  been  developed. 
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In  Aiigiist,  1899,  a  reeonnaiasance  survey 
,-^Fru'E?^'  *■  of  the  South  Branch  of  Shenandoah  River  be- 
*^°  tween  Port  R«public,  Va.,  and  Riverton,  Va;, 
was  made  hj  Mr,  F.  H,  Anachutz,  under  the 
direction  of  D,  C  Humphreys,  for  the  purpose 
of  obtaining  a  profile  of  the  river  and  a  map 
showing  the  location  of  the  mills,  the  unused 
falls,  and  the  localities  where  water  power 
might  possibly  be  developed. 

The  results  of  the  work  are  shown  by  the 
map  (fig.  1)  and  the  profile  (plate  v).  The  dis- 
tances along  the  profile  and  map  are  measured 
along  the  center  tine  of  the  stream,  the  initial 
"*"  point  being  the  forks  of  the  river  at  Port  Re- 

public. 

The  developed  and  undeveloped  power  of 
the  river  at  the  time  of  the  survey  was  briefly 
stated,  as  follows: 

At  Port  Republic  s  combined  sawmill  and  gristiDill 
utiliteSB  fall  of  10  feet  in  South  River,  which  ia  obt&iaed  bj 
a  dam  ahmit  a  quarter  of  a  mile  above  the  moutb. 

On  North  River,  in  the  Rrat  1,500  feet  above  the  rorki. 
there  is  a  fall  ul  6  feel  which  was  once  used  for  power  and 
which  could  easily  be  developed  anin. 
"^  At  Shendun,  4  mile*  above  Port  Republic,  on  South 

\'^  River,  an  excellent  power  was  partially  developed  during 

what  is  known  as  "boom  tinies"  in  1800.     The  fall  is  said 
(o  be  about  20  feet. 

Two  miles  down  stream  from  the  forks  there  la  a  griit- 
mill  utiliting  about  6  feet  fall,  obtained  by  a  brush  dam 
and  a  long  race. 

At   6  miles  there  is  a  fall  of  4.S  feet,  but  the  banks  are 

At  7i  miles  there  is  a  small  gristmill  with  a  3-foot 
timber  dam 

Between  the  7}-inile  point  and  the  next  mill,  at  II 
miles,  there  is  a  total  fall  of  25  feet,  but  the  river  banka 
are  much  broken  and  generally  are  low. 

At  II  miles  there  is  a  unall  gristmill  udng  about  0 
feet  fall. 

At  12)  miles  there  is  a  gristmill  using  5}  feet  fall. 

At  17  miles,  opposite  Elkton,  there  is  a  eomyned 
'-   gristmill  and  sawmill,  with  a  4-foot  dam,  using  6  feet  fall. 

In  the  neishborhood  oF  Shenandoah  the  fall  is  rapid  but 
the  hanks  are  Tow, 

At  31  i  miles  there  is  an  old  mill  and  a  timber  dam  i 
feet  high  the  first  course  of  timbers  of  wliich  is  missing. 

At  32^  milpe,  Grove  Hill,  there  is  a  griatinill  and  a 
good  dam  of  timber  and  loose  rocks,  4  feet  high. 

At  37]  mites.  Kemple  Falls,  there  is  a  fall  of  15  feet  in 
three-fourths  of  a  mile.  The  bank  on  the  left  side  is  fairly 
good,  but  on  the  right  side  of  the  main  group  of  channels 
the  river  spreads  out  over  and  runs  through  s  lar^  area 
of  iMwlders,  and  the  bank  for  a  considerable  distance 
l>ack  is  but  little  above  the  surface  of  the  stream.     .  , 
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At  38  mike,  Newport,  there  ia  a  combined  Bawmill  and  grialmiU  that  UBee  abou 
feet  falL     The  dsm  is  about  4  feet  high,  loosely  made  of  timber  and  stonework. 

At  41  milea  is  Mauk's  mill,  a  griBtmiU  with  a  dam  3}  feet  hi^,  rudely  construa 
of  brush  and  luoae  slooe.    The  fall  lielow  the  mill  is  good  and  about  7  feet  are  uliliie 

At  50  milee  there  is  an  old  mill  aile,  nothing  being  left  except  the  (oundalion  of 

dADL 

At  55  milea,  Schuler,  there  is  a  ((riatmill,  with  a  dam  3]  feet  high. 

At  Ki  miles  is  Uoode's  mill,  the  dam  for  which  is  3  feet  high,  of  timber  and  planki 
backed  by  loose  rotk.     The  mill  usee  a  fall  of  about  S  feet. 

At  79^  miles  is  Hasard's  mill,  oo  tlie  left  bank  of  the  stream,  at  a  jmint  where  t 
river  splits  and  runs  around  a  large  island.     The  dam  ia  in  the  left  branch  and  is 
stantiaJly  constructed  of  Cimberi  it  is  4J  feet  high. 

At  U7J  milea  is  Ulackniore's  dam.     It  was  a  stoutly  built  dam  of  timber  and  (i 
masonry,  but  it  is  broken  at  each  end  and  part  of  the  upper  course  ia  missini     ' 
middle.     The  mill  is  no  longer  Blanding. 

At  101  miles,  Kiverton,  are  the  Itiverton  mills.  The  dam  is  6  feet  high,  of  tirab 
and  is  well  constructed. 

POTOMAC  RIVER  AT  POINT  OF  BOCKS,  MD. 

This  station  was  established  by  C.  C.  Babb,  February  17,  1895,  i 
the  steel  highway  bridge  at  Point  of  liocks,  JId.  As  origlnaH 
placed,  tlie  gage  was  loeateii  in  the  third  span  of  the  britige  from  th 
north  shore.  The  length  of  the  wire  from  the  end  of  the  weight  t 
the  marker  was  48.0  feet  and  the  zero  of  the  gage  was  6.0  feet  froc 
th©  center  of  the  pulley.  The  zero  of  tlie  gage  was  40.9  feet  belo\ 
B.  M.  No.  1  descril)e(l  bolow.  June  IS,  18S)6,  a  new  wire  gage  wa 
placed  on  the  lower  side  of  tlie  first  =pan  of  the  bridge,  the  wir 
length  being  44.19  feet  The  zero  of  the  gage  was  changed  to  41.1 
below  B.  i\I.  No,  1.  During  181JC  and  18!)7  the  wire  became  ni3te< 
and  broke  frequently ;  the  changes  in  wire  length  not  being  recorded* 
January  25,  1808,  a  new  wire  was  put  in,  tlie  length  being  44.29 
feet,  which  length  has  been  used  since  that  date.  The  datum  eleva- 
tion 41.3  was  not  changed. 

During  the  period  lietween  the  mensuremenis  of  April  16  and  July 
29,  1901,  a  large  quantity  of  earth  excavated  from  the  canal  wasj 
thrown  into  the  river  along  its  left  bank,  changing  the  section  andf 
probably  affecting  the  flow  of  the  river.  This  necessitated  moving; 
the  gage  farther  from  ihe  shore  which  was  done  by  the  observer,  who 
installed  a  temporary  gage.  The  inilicadims  are,  that  the  gage  was 
not  set  to  read  exactly  the  siitnc  as  the  one  which  it  replaced,  and  the  , 
gage  heights  between  .April  10,  1901,  and  September  2,  1902,  arel 
somewhat  in  error.  I 

A  standard  box  chain  giige  was  installed  at  this  station,  Septem- ; 
ber  2,  1902.     It  is  bolt^il  to  the  handrail  on  the  lower  side  of  the 
briilgo  in  the  first  span  from  the  left  bank.    The  length  of  the  chain 
is  44.22  feet  which  was  the  same  length  as  had  been  previously  used. 
In  i>lacing  the  new  gage,  however,  the  datum  was  lowered  .45  of  a 
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foot  and  the  elevation  of  the  bench  mark  was  changed  from  41.3  feet 
to  41.75  feet  to  agree  therewith. 

Bench  mark  No.  1,  eetablished  November  16,  1896,  is  a  copper 
bolt  in  a  large  capstone  on  the  lower  wing  wall  of  the  north  abutment, 
about  10  feet  from  the  north  end  of  the  first  Iron  truss  and  41.75 
feet  above  the  datum  of  the  gage.  B.  M.  No.  2,  established  July, 
1904,  is  a  cross  chiseled  on  the  lower  step  of  the  upstream  wing  wall 
OQ  the  left  bank  of  the  river,  being  just  across  the  tow-path,  15  feet 
from  the  canaL    Its  elevation  is  24.00  feet  above  gage  datum. 

Discharge  measurements  are  made  from  the  eight-span  steel  toll 
bridge  to  which  the  gage  is  attached.  The  initial  point  for  soundiugs 
is  the  left  end  of  the  lower  guard  rail,  0.4  foot  beyond  the  center  of 
the  end  pin,  on  the  downstream  side  of  the  bridge.  The  channel  is 
straight  for  500  feet  above  and  200  feet  below  the  station.  It  is 
1,300  feet  wide,  broken  by  seven  bridge  piers.  Both  banks  overflow 
ouly  at  extremely  high  water  and  are  not  wooded.  In  the  two  right 
spans  the  bed  is  composed  of  mud  and  is  subject  to  some  change;  in 
the  other  spans  the  bed  is  composed  of  gravel  and  cobblestones  and 
is  permanent.  The  current  does  not  flow  at  right  angles  with  the 
bridge  in  all  of  the  spans.  The  gage  is  read  once  each  day  by  Qeorge 
H.  Hickman. 
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7.20 

34,220 

1.30 

2,S30    1 

2.70 

7,750 

4.40 

16,270 

7.40 

35,620 

1.30 

2.810    , 

2.80 

8.180 

4.60 

17,430    , 

7.60 

37,060 

1.40 

3.100 

2.90 

8.620 

4.80 

18,610    . 

7.80 

38,600 

1.60 

3,400    , 

3.00 

9.070 

5.00 

19,820 

8.00 

39,980 

1.60 

3,700 

3.10 

9,530 

5.20 

21,060    ' 

8.50 

43,740 

1.70 

4,010     ' 

3.20 

10.000 

5.40 

22,300    ' 

9.00 

47,600 

1.80 

4.330 

3.30 

10,480 

5.60 

23,560    1 

S.50 

51,560 

1.90 

4.670 

3.40 

10.970 

6.80 

24.840    i 

10.00 

55,600 

•n»  il»n  UMe  ■  iduU];. 
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HYItHOOBAPHT  OF  VIROIITIA. 

EfdmoM  numlUy  diteharge  of  Polomae  lUver  at  Point  of  Hvckt,  Md. 
(DruiiMii  ■«.  S.OH  iqiun  mila.) 


Disehizcv  ID  mood-lHi- 


Jtitaihrs 

February  17-28...  15.260 

Much 65.980 

April I  67,640 

M«y I  29,340 

Juno 7,680 

July 10,600 

AupiBt 3,300 

September 2.600 

October 1  .340 

November ,  1 .540 

December. I  5,320 


14,500 

12,540 


2.93 
1.67 


The  year... 

1896. 

6 January. . .  . 
6February . .  , 

bWay  11-31.. 

July 

August 

September. . . 

October 

November, . . 
December. . . . 


6,320 
14,160 
60,300 

9,600 
26.380 
159,400 
30,020 
12,040 


1.180  j    5,257        .£ 
3,600     10,470     l.C 


2,000 

2,000 
2,000  I 


2,660 

5,420  ! 


3,449 
2,176 


4,723 


3.41 
2.50 


I  a2.91 
6.01 
6.79 


4. as 

'  4.68 

■  1.27 

>  6.84 

i  —.67 

I  2-22 


The  year. | ! j j | |  38.78  L. 
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RIVER  DRAINAGE  BASIN. 


Btimaltd  monthiy  diteharge  0/  Polomae  River  at  P<ntU  0/  Roeki,  Md.— Con. 


al8fl7. 


I 


Februfiry. 

UkTOh... 

AiwU ;    28,000 

lUy 94,200 

Jnly 

Septomber, 
October. , . 
November , 
Deccimber.. 


8 ,540  :    2  ,280 
182.200  I    6.600 


31,380  I  11,520 
5,760 


10,600  !  2.940  i 


42,660  '  4.42 
20,850  I  2.16 
10.830  I  12 
22.950  i  2.38 

6,997 

5,315 


621 


2.940 
2,600  j 
4.4S0  I 
19.260 


2.000  I 
1.760  ( 
1,340  I 


2,096 
6 ,579 


The  year |  182.200       1 .340  I  10,830  I  1.12 


Jontury 41,600  ! 

FebnuuT I  18,100  I 

March <  66,150  I 

April 62,700  I 

Hay '  69,720 

June I  8,060  ' 

July 6,760  I 

August 115.400 

September ]  3 ,680  , 

October. '  86.730  1 

November 1  15,260  ' 

...I  54 .360  I 


The  year 115.400  , 


3.300 

14,660 

1.52 

5,760 

8,339 

,864 

4.480 

15  ,470 

1,60 

9,020 

15  ,970 

1,65 

6,200 

18,060 

1,87 

2,600 

4,178 

,433 

1,540 

2,418 

,250 

3,680 

22,280 

2,31 

2,000 

2. 497 

.259 

1,760 

13,580 

1.41 

5,320 

8,557 

.886 

8,200 

15,330 

1.59 

1.540 

11.780 

1  22 

1,04 
1,28 


1,74 
3.44 
2,44 


1  1,07 

.17 

4.44 

2,60 

2.36 

.62 

1  4  76 

2,60 

1.81 

1,33 

3-21 

2  92 

7,00 

4,34 

1  32 

1,03 

1  6.41 

4.78 

2,41 

1,42 

2  91 

1,08 

1  41,48 

24,82 

,db,Google 


i\  OF  VIBOIHIA. 
Ettimattd  monthly  ditdiargt  of  PoUmac  River  at  Point  of  Roda,  Md.—Coa. 


Rua-oS. 

1 

MuimnB.  |  IGuoua.  1     Hou. 

1                  1 

1899. 

. 

1 

.J  45,5 


8.S40  20.870  :  2.1S 
7,120  ,  28.130  2.91 


JtwuMy., 
Febmary. 

Hftreh i  115,400  |  U.iaO  j  35,240  i  3.65 

AjmL i  25,380 

May 49,140 

June :  18,380 

July. 7,120 

Auguat 3 .660 

September 3 .680 

October. ,  2.000 

November 9 .500 

December \  12,040 


The  yew, . . 


115 .400 


5.760 

11  ,750  i 

1.22 

5.320 

11.600  1 

1.20 

2.940 

5.314 

.550 

1.540 

2 .519  1 

.261 

1,540 

2,335  1 

,242 

1.760 

2,345 

.243 

1.540 

1,663  1 

.172 

2,000 

3,171  , 

.328 

2.000 

4.066  1 

.421 

1.540 

10 .750  ' 

1-U 

2.54 

.0& 

4.44 

1.41 

3.96 

—  .25 

1.37 

,01 

6.  IS 

3.77 

3.47 

2,B6 

2.« 

1.98 

2.84 

2,66 

3.94 

3.67 

1,88 

1.68 

■  ». 

1.32 

l.M 

1.46 

3,680  I 
2,940  I 
8,540  ; 


1900. 

January 35  ,620 

February ,  37,820 

March 50,300 

April j  22.240 

May 7.120 

June 48.700 

July 7.120 

August 3.680 

September '  2 ,000 

Ociober 2,600 

November 48 ,300 

December 29 ,340  i    2 ,280  ' 


The  year. |    50.300  |     1  ,040  :    6,710  i     ,695  \    9,36 


S,320 

9,296  j 

2,940 

4.466  1 

2,600 

8 .394 

1,340 

3.008  1 

1,340 

1  ,917  ! 

1,040 

1  ,344  I 

1,180 

..333! 

2.10 

1.12 

3,44 

2.00 

3,42 

1,22 

1,34 

.27 

2.32 

1-79 

4.19 

3.22 

3.74 

3.38 

2,08 

1.85 

1.03 
22.68 
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POTOMAC  BITEB  DKAIHAQE  BASIN. 

Stiimattd  monlUy  ducWva  of  Potmmae  Rivrr  al  Poinl  of  Rockt.  Md.— Con. 

I  DiicbirrB  in  •Kond-fnt- 


al901.         I 

Jamary 21  ,040 

February 6,200 

lUreh .-.  80.920 

April ;  150,600 

M»y Bfi.860 

June «.700 

July 26,680 

Augurt ,  20.440 

SBpt«mber 28 ,000 

October. !  12,040 

NoTember j  10  ,S40 

..:.!  130,700 


The  jMT.. 


J  150,600  ;    1,760     14.100 


SkoikMI.!     Dtfitli 


1.43 

1.65 

4.12 

4.60 

2.70 

3.22 

l.DS 

2.18 

6.06  ; 
6.47 
4.66 
3.82  . 
6.23  I 
3.15  ' 

.57 
2.50 
5.71 


1.81 
1.45 


2.38 
2.54 


44  ,  44-93     25.0 


al002. 

JMuary 76.110,  7  ,680  >  17  ,520     1.81 

tFebniarf 203,800  9,020     32.520     3  37 

March 218.700  14,700     54.410  ,  5.84 

April .108.700  7,760     28,760     2-99 

lUy 0.530  4,670       6,973 

JnoB 4,330  2,530       3,186 

Jul; 4.330  2,000      3,086 

Anput 4.330  1,515       2,464 

8q)tembM' I     2,000  1,205      1.490 

OctobBf 5,380  1,615      2.767 

November 11,470  1,750      2,837 

December. 64,780  7.330     18.970     1 

Tbeyear 1218.700  1,205    14,500     I 

ttMattm  April  1&  1001,  lo  Bfloolw  1.  [«■%  tiibk  lo  bbk  i 

HnnniFsbnuwyll  laig^lHa.  Ho  (ORMti.*  Bide  in  a<i 


2  00 
3.51 
6.50 
3.34 


619 


154 


204 


11 

3.45 

3,08 

13 

2,75 

2,38 

13 

2.16 

1  87 

6 

2.01 

1.84 

10 

3.36 

3.03 

13 

2-49 

2.16 

50 

4  50 

2.24 

66 

36.0O 

16.62 
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HYDBOOKAf  HT  OF  VIBOIRtA. 
mcntltly'dudiorgf  o}  Potomac  River  at  Point  0/  Rodct,  Md.— 


1B03. 

JknuuT 

F«bniM7 

Mwch 

Maj 

July 

Augutt 

September. . . 

October. 

November, .. 
aDecember... 


The  year W.E90 


49.100 
99,590 


73,860 
46,2«0 
8, 620 
16,850 
6,130 
2.810 
4,010 


bjauuary 35,620 

ftFebruary |  37,060 

March 22.300 

April 28.120 

May 27,460 

June 38  ,500 

July 10,970 

August 3.400 

September 2 ,000 

October 2,000 

November. , , . .   .  1 ,515 

December. 5 .020 


The  year. , 


8.500 


1,78 

2-05 

2.30 

2.40 

2.77 

3.19 

2-99 

3.34 

6,520  I 
2,400  I 
9,070  i 


2,810   4.826 


2,000  I  2,176   ,225  I 


3  75 

.41 

2.62 

2.18 

6.S7 

4.49 

4.67 

3.15 

3.67 

3.09 

2.2» 

1.75 

2.67 

2.19 

2,000  12,480  !  1.29  ,  17.42 


45  38.72  21.30 


7.287 
17,480 


3.100 

10,160     1 

2,530 

4,510 

1,750 

2,394 

1  ,295 

1,592 

900 

t  ,164 

1,090 

1,340 

1,515 

2.201 

2.06 

1.18 

1.20 

—  .75 

2.08 

.74 

2.46 

1.60 

3.43 

2.31 

4. 78 

3.61 

4.64 

4.00 

2.33 

2-03 

2.26 

2.07 

1.66 

1. 52 

tl.im.    No  carTKtion  BUUlr  in 
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POTOMAC  BIVBB  DKAINAOE  BASIN. 
BiHmoUd  monlJUy  ditckarge  of  Polomae  Rivrr  at  PoitU  o/  Bock$,  Md. — Cod. 


1905. 

oJuiUAry 17,430 

Febnur? 6,620 

Mkfidi I  03,900 

April [  10,000 

lUy j  9,070 

Jun« 32,820 

July 22,300 

Augivt.   '  13.5% 

September '  5,750 

October. . . 
NoTemfaer 
December. 


3,700 
37.060 


4,670 
6,020 
6,520 
4,010 
2,S10 
2,610 
3,400 
2. 810 
2.000 
1,750 
1,750 
3,400 


8,626  .894  j  1.03 
5,625  i  .583  .607 
23,480  2.43    2-80 


6S2  ! 


6,581 

4,493  '  .465  i  .63t 

6,579  ;  -681  I  .7e( 

10.100  I  1.06  1.22 

5,830  .604  I  .69( 

3.305  :  .332  .37( 

2,888  1  .299  I  .ZU 

2,267  .235  '  .2^ 

10,640  l.IO  I  1.27 


1.73 
2.80 
1.72 
3.05 


2.09 
1.12 


2.51 
4.47 
5.41 


Tbeyeu 63,900  |     1,750       7,534        .780,10.06 


■la  OJt(e  Juury  27.  IMH,    Nococndian  nude  UKMimiM. 

SHENANDOAH  BIVEB  AT  MILLVU.I.E,  W.   VA. 

Shenandoah  River  is  formed  by  the  junction  of  the  North  Fork 
and  t^e  South  Fork  at  Siverton,  Va.,  and  flows  in  a  northeasterly 
direction  into  Weet  Virginia,  where  it  empties  into  the  Potomac  at 
Harpers  Ferry. 

The  MillTille  station  was  established  April  15,  1895,  by  C.  C. 
Babb.  It  is  located  about  one-fourth  mile  above  Uie  Baltimore  and 
Ohio  Railroad  station  at  Millville,  W.  Va.  The  highway  runs  with- 
in a  few  rods  of  the  stream  at  the  gaging  station.  The  station  is 
beat  reached  by  driving  from  Harpers  Ferry,  W.  Va.  The  vertical 
gage  is  spiked  to  a  large  sycamore  tree  on  the  left  bank  a  few  hun- 
dred feet  downstream  from  the  cable.  Bench  mark  No.  1  is  a  copper 
plug  in  the  upstream  aide  of  the  base  of  the  second  tree  downstream 
frran  the  gage.  Its  elevation  is  6.68  feet  above  the  zero  of  the  gage. 
Bench  mark  No.  2  is  the  npper  surface  of  the  head  of  a  wire  nail 
driven  horizontally  in  a  blaze  on  the  base  of  the  first  tree  upstream 
from  the  gage.  Its  elevation  is  7.42  feet  above  the  zero  of  the  gage. 
Bench  mark  No.  3  is  the  upper  surface  of  the  bead  of  a  wire  spike 


S4  ETBBOQR&PHT  OF  TIBOINIA. 

driven  in  a  bl&ze  on  the  tree  to  whicb  the  gage  is  fastened, 
on  the  side  away  from  the  rivn-.  Its  elevation  is  9.43  feet 
above  the  zero  of  the  gage.  Discharge  measurements  are  made  fr(Hn 
a  three-fouTt^-inch  cable,  from  which  is  suspended  a  car.  The  cable, 
wbicb  is  suspended  over  the  branches  of  two  large  sycamore  trees 
and  is  secur^y  anchored  to  the  bank  at  both  ends,  has  a  total  span 
of  500  feet  The  initial  point  for  soundings  is  the  side  of  the  tree 
to  which  the  cable  is  attadied  on  the  left  bank.  The  channel  is 
straight  for  several  hundred  feet  above  and  below  the  station,  and 
the  current  is  swift  and  unobstructed.  Both  banks  are  low  and  liable 
to  overflow.  There  is  but  one  channel  at  all  stages.  The  bed  of  the 
stream  is  composed  of  mud  and  rocks.  The  gage  is  read  once  each 
day  by  W.  R.  Nieewamer,  the  railroad  station  agent. 


»/  Shenandoah  River  ai  UiaviUe,  W.  Va. 


April  24 C.  C.  B 

aUay2... 

Ua.j4.... 

MftyS ■-!-.. -do 

»Uy24 .,..do 

June  8 do 

June  15 I do 

June  22 | ....  do ,  . . 

July  12. I     ..do 

1896. 
June  22 D.  C.  HumphreyH. . 

1897. 
June  24. 
July  23... 

September  4 

Oetrt>«r2d 

oThe  <taU  liir  thnc  mi 


Dsvii  A  Paul..  . 
G.  H.  Mstthcs. 


1,824 
4,843 
4,393 
3.463 
2,395 
2.65S 


1.128 
1.144 


«.80 
6.20 


3. BO 
l.SO 
2.35 


2,163 
10.710 
15.860 


5,745 
1,516 
3,044 


0-52 
0.72 


.    Tbe]r  wtTF  not  ronsidfTed  in  pnp«rmf  llw  nUbc  U 


3d  by  Google 


POTOMAC  BIVBB  DSAIKAQE  BASIN. 


I  0/  Shtltait^mA  AtMr  1  WtUnUr,  W.  Y:--Coa. 


Juiuai;  24 E.  0.  Paul. . 

Aiwiut  16 do 

Oetobar  1 do 


1890- 

Junajy  37 '  E.  G.  Paul. . 

UardilO .....do 

Maris do 

September  3 do 

October  39 do 


>%.     A. 


a^M. 

/tf»-t 

FmL 

S^it 

1.948 

1.64 

2.20 

3,001 

2,01fl 

2.69 

04.30 

7334 

1.308 

.77 

0.90 

1,001 

1,948 

1.62 

2.40 

3,156 

3.289 

3,29 

5.00 

10.840 

2,045 

I  35 

2.10 

2.753 

1.340 

81 

0.90 

1.086 

1,159 

.«6 

0.60 

766 

Fetinuiy  24. ... .    E.  G.  Paul. . . . 

June  19 do 

September  15 C.  R.  Olberg.  . 


12,980 
0,132 


July  22. E.  G.  Paul. . 

Decefnber  27 do 


1902. 
Auicnit  17 E.  G.  Paul 

1903. 
AutcDBt2e '  W.  C.  Sawyer 

1904.  I 

June  13. I  P.  H.  Bnindage. . . . 

July  4. :  Hoytand  Hall 

July  10. I  Hoyt  and  Graver. . 

September  28. .. .     E.  C.  Murphy 

October  20 do 


1905. 

April  22 ,  N.  C.  Grover. . . 

. .    R.  H.  Bolster. . . 


0.49 
0.44 


0.99 
0.60  . 


1.70 
1.20 
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HTDBOQK&PHT  OS  VIBOINIA. 

DaUy  gage  htialu,  tn  fat,  of  Shtnandoah  River  ai  MiOmlU,  W.  Va. 


Dw.          1  J». 

Feb.       Ku-j    Apr.  1    Mor. ,    Juk. 

July. 

A*'    H«L 

On.'    N<x.|    Om. 

UM. 

'1, 

B    '    l.B 

a  ]  1.8 

»      IS 

B        1.4 

3.0 
2,0 

IS 

«    '    0 

?    1 

": :;;:::i:. :::::!  4 

g 1            i               .  .     .1 3 

S    ^    1.3 

1,4 

B        1 

7    '       0 

4        IS 

13 

IS  . 

.:.:: ; \  2.8 , 2 

] 8,0     s 

3    <    1.8 

IT.. 

2    1    1.5 
2    ■    12 

1,2 
12 

I 

I    1        * 

II 

I 

:::::::::;-:;:::::|:;:;::::::::::i2.3, » 

21  . 

7    1    1.1 

1,0 

BS      1.0 

78l    1.0 

J;" 

I    1 

!                          10s 

8    [       7 

IS.. 

2    :    10 

1,2 

7    '    1.0 

22 
1.0 

g    >    I  3 

w 1 ( ' 1  3,1  :  i 

S    '    1.8 

IS 
18 

A  l. 

81. . 

1 1 : 1 * 

...1    1,4 

im     '       1             :       . 

1            ' 

1 

'l»'l*        2Bl4«ll 

4    .       « 

1  « 

1.8    '    O.T 

■  10  T    1    OB    '    i.B 

4    1    42    .    1 

4    i      .0 

1,6 

1.2    j 

iK 

S 

.,!    18 

7    1      .9 

1.0    ' 

B    '    i 

' 

.|    1.7 

7    !    3.2    j    1 

S    '      .9 

IS 

1.0   1 

B]    » 

*    1    ' 

I 

::;  11 

!  j  !:«  !  1 

:!,i 

1,8 

1,1    1 

s'2 

1    \    3 

T    1    20 

<l 

■■i  W 

fl       2.0    1    2 

0    1    IB 

:11s 

10    i 

E    1    1 

B    1    2 

1  ;  2.7 

4W 

1.0  ; 

11 

..j  i.a 

»    1    2.8 

IS 

7    1    2.4 

2,B 

1,4  ■ 

B    1     1 

22 

1,6  \ 

H 

..    1.0 

9        1.6 

l.E 

IE 

4    '    l.B 

2.2 

1,4 

B    1     1.7 

S        1.7 

17 

.,    1.0 

S    ,    1.8 

Ifl 

,.i  1.0 

)  1  le  '  ^ 

4        l.B 

2,0 

1,B    1 

2   ,    l.S   I   3 

4    '    2.1 

X 

..'  1.0 

8  ;  1,8  1  2 
1        1 

2    '    2,0 

IB 

'■^    1 

IS 

IB 

■Qm*  htilMa  nticuM  Detaba  I  ind  1.  I8BB. 
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POTOMAC  SIVEB  DBAINAOE  BASIH. 

Daily  gage  heif^,  in  fttt,  oj  ShtnandwA  River  at  MiUtilU,  W.  Vs.— Con. 


Iky. 

Ju. 

Ptb. 

Mm. 

Apr. 

HW. 

JD... 

July. 

Auf. 

eipt. 

Oct. 

Ho. 

B«. 

un. 

.0 

»,i 

6.) 
4.16 
1.3S 

IS 

1  J 
14 

1.2 

1.8 

1.7 

1.6 

16 

J.2 

6.4 
4,1 
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HTDB06RAPHT  OT  TIBGUSX4. 


Daily  gagt  ArigM,  in  feet,  of  Shenandoali  River  at  MilMiU,  W.  Fil— Coo. 
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FOTOUAC  UVKB  DRAINAGE  BASEK. 
Datlgr  9^c  Aetpkl,  t»  frrt,  0}  Shtttmdoak  Rittr  at  MilknUt.  W.  Fa.— Con. 
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IIYDBOORAPHY  OF  TIHQINIA. 
Daily  gage  height,  in  letl,  a]  Shenandoah  River  at  MiUmUe,  W.  Vo.— Coo. 
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FOTOUAO  BIVBB  DRAIRAOE  BASIS. 
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HTDBOOR4PBT  OV  VIBOIHIA. 


DaOii  goft  htifki,  in  f*tl,  «/  Shmtaitdfak  Rittr  at  JfilMlfe,  W.  V<t.—Caa. 
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POTOMAC  BITBK  DttAINAOE  BAHIH. 


BtHat  labk  for  Skeftandoah  Riser  at  MilknOt,  W.  Ya.,  Jrom  April,  1806,  to  Ftbmmr^  9, 
1897,  and  fntn  MarA  8,  1904,  to  Dtc.  SI,  1905. 
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HYDBOQ&APHY  OF  TIBOIHIA. 


Roltn;  Inblt  f«T  Sktnandoah  Bxv«r  at  SHUvUU,  W.  Va. ,  from  Piirrvary  10,  i8S7  to  Jamttay 

S4,  1904. 
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POTOMAC  BtVEB  DKAIHAOB  BASIN. 


gMrnaUd  monMs  di*eliargt  of  Shtnandoah  River  at  MiilviUt,  W.  Va. 
(Dniutt  ma.  IMi  iqiun  milii.) 
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HYDROGRAPHY  OF  TIROINU. 


£*ltm<ifal  monlUy  ditdutr^  oj  ^ttnuindoah  River  at  UiUmlU,  W.  Vs.'— Con. 
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POTOMAC  BIVKH  DRAINAGE  BASIH, 

EttimaUd  mmtlhly  ditcKaTge  of  Shnatuloah  Rivtr  at  MiUvilU,  W.  Va.-^?  in. 

Dmbutt  in  ■mmd-fcH.  Rbo-oB.  PiKipilitinn. 
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lIYDKOeiK-VrUV   OF   VIBOINIA. 
Estimated  monOdy  dUehargt  of  Shenandoah  Rivtr  at  MilivilU,  W.  Va. — Con, 

Biwhiiriw  in  MKond-feel.  '  Kuo-off.  PudpitMBn. 


Minimi 


Ptf  ; 


In 


1901-  I 

I 

oJftDiuuy. . ,    ...  5,910 

aFebruftry 3.150  ! 

Mwch 20 ,620  i 

ftApril 50 ,000 

May -15,930  | 

June 38 ,240  ■ 

July 13 ,940  I 

-4^UgUSt.    11  ,180  ; 

SepWmber. 11 ,940  j 

October... 6,460  ' 

November 3,990  | 

frDecember- 50 ,000 

The  year 50 ,000  i 


c  February . . 

M«y 

July 

Oclol>er.  ,   . 
November. . 

Decern  I  ler.  , 

The  year.. 


3.376 

12.840 


3  36 
3  07 


1.48 
1-18 


21  ,100 

2,240 

.'),176 

1,73 

1.99 

74 

2-60 

,70 

50,000 

1,120 

8,611 

2.88 

3.00 

67 

4  46 

1.46 

77,900 

4.100 

13,880 

4,03 

5.34 

148 

3  61 

-1.73 

20,140 

2,960 

6  .785 

2  27 

2  53 

113 

223 

—  30 

7.380 

1  .760 

2,606 

.870 

1  00 

38 

2  64 

1,64 

1,910 

1.120 

1,402 

.468 

.522 

18 

203 

2,41 

1,620 

86.'; 

1  ,097 

.306 

422 

19 

2,17 

1.75 

2,410 

775 

1  .002 

.355 

.409 

18 

2.22 

1,81 

1,120 

&'») 

724 

242 

.270 

10 

2,59 

2.32 

2  ,155  ' 

775 

1,069 

.3.'>7 

.412 

11 

3  65 

3.24 

3,S60  1 

730 

1  ,I.S7 

,386 

.431 

•     13 

3  21 

2.78 

9,020  1 

2.240 

4.728 

1..-.8 

1.82 

54 

3,38 

1.56 

77  Mm  1 

650 

4,025 

1,34 

18,15 

51 

35.78 

17  63 

6  24 
5  82 
7.54 
4.38 
5  92 


2.50 
1.45 
2,46 
4,47 
2  67 


2,01  I 
6.12 


45     48.04     26.W 


3d  by  Google 


POTOMAC  BIVEB  DRAINAGE  BASIN. 
S^mottd  monthly  dueharge  of  Skenandoak  Rivrr  at  MiUnUe,  W.  1 

I  Dnchvic  Id  wond-ftsl.  Run-off. 

Month  fa 

I  8«iind.ft.      IMplh         cent. 

I  UuiiDUDi.     Miauoinn.       »«n.  per  in  ol 
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HYDROGRAPHT  OF  VIBGINIA. 


BiHmaltd  monthly  dUdiargt  o)  Hhtnandoak  River  at  lUitiviilt,  W.  Va. — Con. 

DiBcharcc  in  Kcoibd-fnt  Run-olf. 


.    1905. 
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,76 

I. BO 
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2,84 
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srricx.vxuoAH  river  (sih-th  bkanch)  neab  front  royai.,  v.\. 

This  stjitioii  wafi  established  June  2«,  180!),  bv  A.  P.  Davis.  It 
is  located  about  one  mile  above  the  bridge,  which  is  near  the  Norfolk 
and  Western  RaiKva,y  Station.  The  railroad  follows  the  right  bank 
of  the  stream.  The  gage  is  a  vertical  timi>er  spiked  to  a  large  syca- 
more tree  on  the  left  bank,  about  800  feet  upstream  from  the  cable. 
A  high-water  gage,  reading  from  14  to  2fi  feet,  was  established  Sep- 
tenil)er  18,  1905.  It  is  a  vertical  board  spiked  to  the  shore  side  of 
a  largo  s,v<-nniiirc  tree  32,T  foot  upstream  from  the  regular  gage. 
Bench  mark  Nii.  1  is  a  hendless  spike  on  the  river  side  of  an  elm  tree 
on  the  left  bank,  S  feet  downstream  from  the  gage.  It  is  l.i>  feet 
above  the  gi'onnd,  nnd  has  an  elevatiim  of  10,40  feet  above  the  zero 
of  the  gajic.  Bench  ni.ivk  Xo.  2  is  a  nail  driven  horizontally  into  the 
downstream  side  of  the  stnm]>  of  a  large  sycamore  tree  270  feet  down- 
stream from  the  gage.  Tt  is  0.5  feet  above  the  ground  and  is  imme- 
diately below  a  blaze.  Its  elevation  is  14.55  feet  above  the  zero  of 
the  page.  Bench  mark  No,  -"J  is  the  top  of  a  large  iron  staple  ring. 
a  feet  above  ground  on  the  shore  side  of  the  tree  to  which  the  high- 
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POTOMAC  BIVEB  DSAJRA(i£  BASIN.  ol 

water  f^age  is  attached.  Its  elevation  is  14.32  feet  above  the  zero  of 
the  gage. 

Discharge  measurements  are  made  from  a  cable,  which  has  a  span 
«i  -iOO  feet  and  is  suspended  over  the  branches  of  two  large  sycamore 
trees,  with  its  ripht  end  fastened  to  the  tree  aud  its  left  anchored 
in  the  ground.  1'he  initial  point  for  soundings  is  on  the  main  cable, 
0.5  foot  from  the  tree  on  the  left  bank.  The  channel  is  straight  for 
tiOO  feet  above  and  below  the  station,  and  the  current  is  alu^sh. 
The  railroad  embankment  a  few  feet  back  from  the  river  on  the  right 
bank  is  overflowed  at  extreme  flood  stages  only.  The  left  bank  is 
low,  liable  to  overflow,  and  is  fringed  with  treee.  The  bed  of  the 
stream  is  composed  of  bed  rock  and  is  very  uneven ;  in  places  the 
rock  is  overlain  by  silt,  and  this  is  liable  to  shift  The  gage  is  read 
twice  each  day  by  Miss  Brentie  Johnson. 

Ditdiargt  meaturtmenbi  of  Shenandoah  River  (South  Branch)n^  Front  Rogal,  Va. 
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62  HYDROORAFHY  OF  VIBOIIIU.. 

Daily  gofe  height,  in  jnt,  of   Shtnandoah  Rivtr  [Soulh  Branch)  n«ar  FronI  Royal,  Va 
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MAC  BIVEB  DRAINAGE  BASIN 
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HYDBOGHAPHY  OF  VIBOIKIA. 
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POTOHAO  BIVBB  DKAINAOE  BASIIT. 
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Eoimaitd  monthly  dUdiarge  of  Shenandoah  Rirrr  iSoulh  Braneh)  near  Front  Royal,  Va. 
(DniuK  m,  1MB  *|ii>n  imlck) 
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Snoad-ftj     Dtplk 
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POTOMAC  BIVEB  DRAINAQE  BABII1. 


Ettmaiid  motiMy  dueharye  oj   Shmandoali  Riser  (Sovti  Brandt)  ntar  Front  ffoyal,  Va. 
Continued. 
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POTOKAC  BIVBE  DRAINAQE  I 


SOUTH    BIVEB  AT   BASIC,  VA. 


This  station  was  eatablished  June  29,  1005,  by  N.  C.  Grover,  in 
connection  with  the  investigation  of  stream  pollution  in  the  Shenan- 
doah River  Valley.  It  is  located  at  the  highway  bridge,  one-half 
mile  Wow  the  Chesai>eake  and  Ohio  Railway  bridge  at  Basic,  Va. 
A  standard  chain  gage  is  fastened  to  the  upstream  handrail  of  the 
bridge.  The  length  of  the  chain  from  the  end  of  the  weight  to  the 
oilier  edge  of  the  ring  is  20.84  feet.  Discharge  measurements  are 
made  from  the  upstream  side  of  the  single  span  bridge  to  which  the 
gage  is  fastened.  The  initial  point  for  soundings  is  the  face  of  the 
right  abutmt'nt  The  channel  is  straight  for  300  feet  above  and  500 
feet  below  the  station.  The  current  is  sluggish.  Both  banks  are  sub- 
ject to  overflow,  the  right  bant  only  during  very  high  water.  The 
be<i  of  (lie  stream  is  composed  of  rocks  and  mud  and  is  liable  to 
change  after  floods.  The  approximate  depth  of  the  water  is  3  to  4 
feet  at  medium  stage.  Gage-height  observations  and  measiiremeiits 
are  affected  by  flour  mills  above  the  station,  which  cause  rapid  fluc- 
tuations in  the  gage  height  at  times.  Bench  mark  No.  1  is  the  up- 
stream comer  of  the  lowest  step  of  the  wing  wall  of  the  bridge  at 
the  right  bank,  nearest  the  river.  It  is  marked  with  red  paint  Its 
elevation  is  \H.f}7  feet  sImivc  tbo  datum  of  the  page.  Bench  mark 
Xo.  2  ia  at  the  comer  of  the  wing  wall  next  above  bench  mark  No  1. 
It*  elevation  is  14.'.IS  feet  above  the  datum  of  the  gage.  During 
ino,=i  the  gage  was  read  once  each  day  by  F.  J.  Bates. 


IHndiarge  mttumremmia  of  South  Hiver  at  Basie,  Va. 

H)rd™,»ph-.  Width  ^^^      ;      .«'^"^_  ^^ 


i9a^. 


Stc.-ita 


Juiic29. Folkoabee and  Biggi  I  70  1.^  .58  2  R2  .  90 

June  n .V.  C.  Grover 70  136  47  2.59  64 

St{H(inb«rl6....  Roister a'nd  Winter...!  70  146  .43  2.52  <  63 

1>e<«inb«r  29....  Robert  Follansbee   . -i  73  .        268  1  69  4,a'>  i  4.54 
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HYDBOGBAPHY  OF  VIBQINIA. 


,  oj  South  River  at  Batic,  Va. 


^Ih.,/[»^I 


SOUTK  EIVER  AT  POKT  KErUBLIC,  VA. 

This  stiition  was  estalilished  August  (>,  1895,  and  discon tinned 
April  1,  18!»9.  It  was  located  at  the  highway  bridge  aliout  HOO  feet 
alxivp  the  jiiiiction  o£  this  river  with  North  River.  The  hanks  are 
liigh  and  not  suhject  to  overflow.  Part  of  the  flow  of  the  river  is 
diverted  and  nsed  above  the  bridge  in  a  power  plant.  This  water 
fl'iwa  nnder  the  bridge  in  the  tailrace,  and  was"  always  included  in 
the  nieasurenientB.  It  did  not,  however,  affect  the  observed  ga^ 
height.  The  lied  of  the  rivei-  is  composed  of  gravel  and  cobblestones 
and  is  peniiinieiit.  l"he  mrrent  is  swift  at  all  stages  and  normal  to 
the  bridge. 


sdbyGoOgle 


POTOMAC  SIVER  DKAIXAGE  BASIK. 


Diicliarge  meaturemtnl*  0/  South  River  at  Port  R«puUtc,  Va, 
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UTDBOOaAPHY  OF  VIBOINIA. 


Daiiv  gage  height,  in  feet,  oj  Swiik  Rivtr  at  Port  Retmbtic,  Va. 
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POTOMAC  BIVES  DRAJITAOB  BASIIT. 


Dotly  pofc  iuiyU,  in  /tet,  0/  Soulk  Bmr  at  Port  lUjnMU,  Va.— Cod. 
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HTCBOOIUPUT  OF  VIBOIKIA. 
Daily  gage  Imght,  in  fmt,  ol  South  Biver  at  Port  RepubHe,  V*— Con. 
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POTOMAC  BITEB  DKAINAOE  BASIN. 


Ratinf  labU  for  SouA  Rtrtr  at  Port  RepubUt,  Va.,  from  Atigtut  S,  laSB  to  AyrH  1,  18S9. 
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HTDBOOEAPHT  OP  TIROIKIA. 
BMmattd  monlUy  ditdiargt  o/  Sctilh  River  at  Port  Republic,  Va. — Con. 
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FOTOHAC  BIVEB  DBAINAQE  BABTN.  ^9 

LEWIS   CSE£K   NBAK  BTAUHTON,  VA. 

Tliis  Station  was  established  June  30,  1905,  by  K.  C.  Grover,  in 
connection  with  the  investigation  of  stream  pollution  in  the  Shen- 
andoah Valley.  It  19  located  at  the  private  bridge  acroea  Lewis 
Creek,  on  the  property  of  William  Qlenn,  2  milee  from  Staunton. 
A  vertical  staff  gage,  graduated  to  feet  and  tenths,  is  fastened  to  a 
tree  6  feet  downstream  from  the  bridge.  Discha^e  meaaurementa 
are  made  from  the  downstream  aide  of  the  bridge,  the  initial  point 
for  soundings  being  the  gate  post  near  the  left  end  of  the  bridge. 
The  channel  is  straight  for  300  feet  above  and  below  the  station. 
The  corrent  is  sluggish.  Soth  banks  are  about  5  feet  high  and  do 
Dot  overflow  except  during  very  high  water.  The  bed  of  the  stream 
is  (wuposed  of  soft  mud.  There  is  but  one  channel  at  all  stages. 
The  stream  is  composed  almost  wholly  of  sewage  from  the  city  of 
Staunton,  and  is  very  shallow  at  ordinary  stages.  Bench  mark  No. 
1  is  a  nail  in  the  locust  tree  to  which  the  gage  is  attached,  one  foot 
above  the  groimd  on  the  upstream  side.  Its  elevation  is  7.59  feet 
above  the  zero  of  the  gage.  Bench  mai^  No.  2  is  a  nail  in  a  locust 
tree  50  feet  upstream  from  the  gage,  one  foot  above  the  ground,  on 
die  downstream  side.  Its  elevation  is  7.01  feet  above  the  zero  of  the 
gage.  Bench  mark  No.  3  is  the  undw  aide  of  the  lowest  timbe^r 
course  at  the  northeast  oomer  of  house,  near  the  gage.  Its  elevation 
is  9.9S  feet  above  the  zero  of  the  gage.  During  1905  the  gage  was 
read  once  each  day  by  Ashby  Glenn. 


DuchaTft  mecutiretittnU  of  Ltwii  CrtA  tteax  SUtwittm,  Va. 
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JkaabtrTO Boben  FoUansbee  . .      1«  10.1   i  .61  '  .60  6.2 
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IIYDBOGHAPHY  OF  VIBOINIA. 


Daily  gage  htifht,  in  feel,  of  Leont  Crtek  ntar  Staunton,  Va, 
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NOBTU  RIVER  AT  PORT  BEPUBI.IC,  VA. 


TbiB  station  was  eetablished  August  6,  1895,  and  was  discontinaefl 
April  1,  1899.  It  wta  located  at  the  highway  hridge  ahout  500  feet 
above  the  junction  of  this  River  wilii  Soutli  River.  Measuremwt? 
were  made  from  the  downatream  side  of  the  bridge.  The  banks  are 
high  and  not  subject  to  overflow.  The  bed  is  very  rough  but  perma- 
nent. The  current  ie  broken  and  uneven  at  low  stages.  A  dam 
about  200  feet  above  the  bridge  controls  the  flow  at  low  stages. 
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POTOUAC  BIVBB  DBAlHAaS  BASIB. 
Ditekargi maamiremmU of  Norih  Biwr al  Pari RtjiMU,  to. 
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HTSBOOBAPHY  OF  VIBGIBU. 


Dati)/  pofw  htisKt,  in  ftet,  o/  North  River  at  Pert  Rtpublic,  Va. 
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POTOMAC  BITBB  DBAINAOE  BABIK. 
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UYDBOG&APHT  Off  TIBaiIII&. 


DaUy  gagt  hey/la.  in  /tel,  of  North  River  at  Port  Republic,  fa.— Cod. 
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POTOMAC  BIVKB  DKAIITAOB  BABin. 


U  Pert  RrjnMic,  Va.,  /ram  Augutt  6,  189B.  to  April  1. 


a 


/■t  Stmi-M. 

166  3.2  1  ,050 

215  3.4  I  ,290 

275  3.6  1 ,550 

350  3.8  I  ,800 

445  4.0  2,170 

555  4-2  2.480 

700  4.4  2 ,790 

866  ,     4.6  3,100 

UhJB  ii  not  mil  dcfind:  tiwifon.  tbi  grt^matn  moAr  [roin  it  m  only  ipproiinuU. 
BMmaUJ  moniAty  ditehargt  of  Ntrrih  River  ai  Pert  Reptibtie,  Va. 


3,410 
3.720 
4,406 
5,270 
6,045 
6,820 


FmL 

8.5 

90 

9,5 

10,0 

10.5 

11.0 

10,696 
11.470 
12 .245 
13.020 


llftxnnum.  i   HHiiiiDMi. 


'3Rof.UMt '      Depth 


Ai]guit«-3I 445 

fieptember 2 .635 

October.. 245 

•N'oTember 276  i 

December _  500 

1896. 

itniurj 5 ,502  ■ 

Febni»ry. 4  ,805  , 

Mm* 7,130 

AprU  1-15,  28-30 4,340 

lUy 4,960 

June 2,945  , 

JuIt ■    7.596  : 

■lupMl 1,550 

Vember 23  ,870 

October. 7  .595 

Noiember 6 ,270 

Deewnber. 2 ,790 

•DocMr  inttdnUled  Nov.  14  (o  %  I8H. 


1.14 
1.S3 
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POTOMAC  BIVSB  DEAINAGE  BABIIT.  7' 

GOOKB  CBBB£  AT   UOtTHT  CBAWFOBB^  VA. 

This  station  was  eetablished  July  1,  1905,  by  N.  C.  Grover  in 
connectioD  with  the  inveetigation  of  stream  pollution  in  the  Shenan- 
doah River  Valley.  It  is  located  on  the  upper  highway  bridge  across 
Coc^  Creek,  three-fourths  of  a  mile  from  Mount  Crawford,  Va. 
A  standard  chain  gage  is  fastened  to  the  outside  of  the  downstream 
guard  rail  of  die  bridge.  The  length  of  the  chain  from  the  end  of  the 
weight  to  the  outer  edge  of  the  ring  is  14.88  feet.  Discharge  meas- 
nreroeuts  are  made  from  the  side  of  the  bridge  to  which  the  gage  is 
attached.  The  channel  is  straight  for  200  feet  above  and  100  feet 
below  the  station.  The  current  is  very  sluggish  at  low  water.  Both 
banks  are  low  and  liable  to  overflow  during  hi^  water,  but  all  the 
water  passes  beneath  the  bridge.  The  bed  of  the  stream  is  composed 
of  mud  and  gravel.  The  stream  is  polluted  by  tanneries.  Bench 
mark  No.  1  is  a  nail  driven  vertically  into  a  root  on  the  downstream 
side  of  a  large  tree  150  feet  below  the  gage,  on  the  left  bank.  Ita 
ele\'ation  is  4.24  feet  above  the  gage  datum.  Bench  mark  No.  2  is 
a  nail  driven  vertically  into  the  top  of  a  stump  midway  between  the 
bridge  and  bench  mark  No.  1.  Its  elevation  is  5,39  feet  above  the 
gage  datom.  During  1905  the  gage  was  read  once  each  day  by  S. 
H.  Crann, 


>/  Cooki  Cntk  at  ML  CTawford,  I 


JbIj-1 FoQanabee&nd  Biggi.,    30 

aDuKiaber   30..     Robert   Follansbee. .      24 
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UYDROOKAPHT  OF  VIBOIHIA. 
DaUy  gage  ht^ht,  in  fut,  of  Cooki  Cruk  oJ  Mt.  Craviford,  Va, 
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POTOMAC  RIVER  DKAIKAQE  BABIN. 


ELK  RUN  AT  ELKTON,  VA. 


This  Station  was  established  June  28,  1905,  b;  X.  C.  Grover  id 
couBectioQ  with  the  inveetigatiou  of  stream  pollution  in  the  Shenan- 
doah Kiver  Valley.  It  is  located  at  the  hifj^wa;  bridge  500  feet 
Bonth  of  the  railroad  station  at  Elkton,  Va.  A  standard  chain  gage 
is  fastened  to  a  floor  beam  on  the  downstream  side  of  the  bridge 
near  the  right  end.  The  length  of  the  chain  from  the  end  of  the 
weight  to  the  marker  is  8.76  feeU  Discbarge  measurements  are 
made  at  ordinary  stages  at  a  footbridge  1,000  feet  downstream  from 
the  bridge  to  which  the  gage  is  fastened.  During  high  water  dis- 
charge measurements  are  made  from  the  highway  bridge  to  which 
the  gage  is  attached.  The  dianuel  is  straight  for  100  feet  above  and 
200  feet  below  the  station.  The  current  is  sluggish  at  the  gage. 
Both  banks  are  low  and  overflow  during  high  water.  All  the  water 
passes  beneath  the  bridge  except  during  extreme  floods.  The  bed  of 
the  stream  is  composed  of  gravel  and  is  permanent.  The  stream  is 
highly  polluted  by  tanneries  along  its  l»tuks.  Bench  mark  No.  1 
is  a  nail  in  a  12-inch  tree,  5  feet  upstream  from  the  left  end  of  the 
highway  bridge,  1.5  feet  above  the  ground  on  the  stream  side.  Its 
elevation  is  6.01  feet  above  the  datum  of  the  gage.  Bench  mark  No. 
2  is  the  under  side  of  the  coping  at  the  southwest  corner  of  the  first 
railway  bridge  pier  on  the  right  bank  of  the  creek,  marked  with 
red  paint  "U.  S.  G.  S.  B.  M."  Its  elevation  is  11.96  feet  above  the 
datum  of  the  gage.  Bench  mark  No.  3  is  a  nail,  one  foot  above  the 
RTound,  in  a  telegraph  pole  40  feet  east  of  the  left  end  of  the  foot- 
bridge. Its  elevation  is  0.59  foot  above  the  datum  of  the  gage. 
nuring  1905  the  gage  was  read  once  each  day  by  C.  I-  Goodeu. 
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HYDEOGRAPilY  OF  VtBQIMIA. 
Daily  gagt  height,  in  fttt,  of  BUc  Bun  at  BUOm,  Va. 
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POTOMAC  BIVSR  DSAINAOB  BASIN.  SI 

HAWK8BILL  CBEEE  NEAB  LUBAY,  VA. 

This  Station  was  establiahed  Juoe  27,  1905,  by  !N.  C.  Orover  in 
oonuection  with  the  iavestigation  of  stream  pollution  in  tlie  Shenan- 
doah Eiver  Valley.  It  is  located  a  short  distance  above  the  mouth 
of  Dry  Bun,  1.5  miles  north  of  Luray,  Va.  A  staff  gage  in  two  sec- 
tions, the  lower  one  inclined  and  the  upper  vertical,  graduated  to 
read  to  feet  and  tenths,  is  fastened  to  the  left  bank  100  feet  above 
the  footbridge.  The  initial  point  for  soundings  is  the  edge  of  rock 
at  the  ri^t  end  of  the  bridge.  The  channel  is  straight  for  500  feet 
above,  and  200  feet  below  the  station.  The  current  is  moderate 
above  and  s^ft  below  the  bridge.  Kapida  below  the  bridge  prevent 
backwater  influence  from  Dry  Bun  except  in  case  of  extreme  floods. 
From  well-defined  marks  the  highest  stage  known  was  found  to  be 
19.55  feet  above  the  zero  of  the  gage.  This  stage  occurred  Octo- 
ber 13,  1893. 

The  ri^t  bank  is  high,  rocky,  wooded,  and  does  not  overflow.  The 
left  bank  is  low  and  subject  to  overflow  during  high  water.  The  bed 
of  the  Btream  is  composed  of  gravel,  is  free  from  v^etation,  and  is 
permanent.  There  is  but  one  channel  at  all  stages.  The  approxi- 
mate depth  of  the  water  at  the  bridge  is  3  to  3  feet  Bench  mark 
"So.  1  is  a  small  nail  in  the  south  side  of  an  apple  tree,  half  a  foot 
above  the  ground,  45  feet  west  of  the  gage.  Its  elevation  is  14.04 
feet  above  the  zero  of  the  gaga  Bench  mark  ^o.  2  is  the  top  of  the 
stone  under  the  vertical  post  on  the  upstream  side  of  door  frame  in 
the  old  dairy  building,  200  feet  from  the  left  end  of  the  foot  bridge. 
Its  elevation  is  J5.10  feet  above  the  zero  of  the  gage.  During  1905 
the  gage  was  read  once  each  day  by  J.  S.  MiUer. 


»/  Hmtktbia  Creek  near  Luray,  Va. 
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HYDBOOKAFHY  OF  TISQIMA. 


Daily  gage  height,  in  jett,  «/  HavktbiU  Cretk  mar  Luray,  1  j 
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POTOMAC  KIVEK  DBAINAOK  BASIN.  b3 

SHENANDOAH  BIVEB   (HOBTH  BKAilOH)    HEAB  BI7EBTON,  VA. 

This  Station  was  eetabliahed  June  26,  1899,  b;  A.  P.  Davis.  It 
ia  located  about  2  mileB  above  Riverton,  Va.,  on  the  farm  owned  by 
L  W.  Burke.  It  is  most  easily  reached  by  driving  from  Front 
Royal,  Va.  The  vertical  gage  rod  is  spiked  to  timber  and  to  a 
sycamore  tree  on  the  left  bank  about  100  feet  above  the  cable  statiou. 
Bench  mark  No.  1  is  a  wire  nail  driven  into  a  pear  tree;  this  tree 
ia  located  near  a  fence  and  ia  150  feet  from  the  left  bank  of  the  river. 
Its  elevation  above  the  zero  of  the  gage  is  26.75  feet.  Bench  mark 
No.  2  is  formed  by  three  wire  nails  driven  flush  in  the  surface  of 
a  stiunp  50  feet  downstream  from  the  fence  line  of  the  road,  at  the 
edge  of  the  field,  on  the  side  toward  the  river.  Its  elevation  is  20.44 
feet  above  the  zero  of  the  gage.  The  original  gage  waa  a  vertical 
timber  bolted  to  a  latge  sycamore  tree  on  the  right  bank.  On  Sep- 
tember 10,  1900,  the  gage  was  moved  to  the  left  bank  and  its  datum 
was  lowered  one  foot,  causing  all  readings  to  be  increased  by  one 
foot.  The  gage  at  this  station  waa  washed  out  in  the  floud  of  Feb- 
ruary 22,  1902,  and  the  station  was  temporarily  abandoned  until 
.Viigust  17,  1902,  when  it  waa  re-eetabliahed  by  Mr.  Paul,  the  zero 
of  ^e  new  gage  being  at  the  same  elevation  as  the  zero  of  the  former 
gage.  Discharge  measurements  are  made  by  means  of  a  cable,  car, 
and  ta^ed  wire  just  above  the  ford.  The  cable  haa  a  span  of  2ti0 
feet,  IB  supported  by  timbers,  and  anchored  in  the  ground  at  each 
end.  The  initial  point  for  soundings  ie  0.5  foot  from  the  timber 
which  supports  the  tag  wire  on  the  left  bank.  The  channel  is  straight 
for  600  feet  above  and  below  the  station.  The  current  has  a  moder- 
ate velocity.  Both  hanks  are  low  and  liable  to  overflow,  and  are 
fringed  with  trees.  The  bed  of  the  stream  ia  composed  of  rock  and 
mud  and  shifts  somewhat,  but  the  flow  is  controlled  by  a  ledge  200 
feet  below  the  section.  The  flow  at  this  station  ia  affected  by  back- 
water from  the  dain  at  Riverton,  2  miles  below.  The  height  of  this 
dam  was  increased  from  8  feet  to  10  feet  during  August,  1904. 
There  is  but  one  channel  at  all  stages.  The  gage  is  read  twice  each 
day  by  L.  W.  Burke. 
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HTBBOOBAPHY  OF  VIEOIiriA. 
>/  Shenandvah  River  (North  flroncft)   naar  Rtverlm,  1 


SeptembeiS.... 
ii8ept«rober2... 


Felwuaiy  13. . . 

June  18 do 
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Itay  17 i,...do 
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POTOUAC  SIVEB  DRAINAQB  BASIN.  8fi 

Dailt  tage  Kti^  (a),  in  {ttt,  oj  ^wnandcah  River  (iVorlh  Branch)  near  Aitwrton,  Va. 
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HVDBOGBAPHV  OF  VIROISIA, 


t  height,  in  ftti,  of  Shtnandoak  /fiver  {North  Branch)  near  Rivtrion,  Va. — (Jon 
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0  76 
5,M 



3.0 

3.82 
5.28 
4.32 
422 

3.9! 
3.82 
4  08 
38 

4.95 

13 
445 

0  82 
095 

4.95 

455 
4fi 

435 

405 

a.fl 

3.58 
3.58 

36 

8.8! 

3  72 

5.! 

425 

4!2 

4<» 
4! 

40! 

4.0 

4  15 

3  Is 

40S 
388 

is 

405 
43S 

37 

8  78 
385 

38 
3.7 

405 

43 

4!2 

4  15 

305 
3St 

395 

382 
38 
3  75 

3.8 
38 

3.82 

43 
42 

42 

3.05 
301 
3.58 
4fiS 

3.0 

3.55 

3. 02 
38! 

Z3 

3» 
30 

31 

1901. 

S36 
445 

3.8 

38 

525 

42S 
4  35 
405 

4  1 
4  15 
405 

3  72 
37S 

4'o6 

4  05 
43 

48 
43 

5  55 

47 

458 
455 

405 

4! 

45 
42S 

IL      37 

3  78 

3  m 

3.78 
38 

3.95 
3H 

49 

ss 

385 

11  25 
905 
6S 

4  98 
4  7S 
4  62 
4S2 

1.9 
482 

4  7S 

45S 

4G 

4  45 
4  59 

42 

4  3S 

20 
23 

10  0 

55 

5.1 

75 

28 

I*. 

69 

30. 
31. 

3 

"12, 

8  25 

S45 

GHS 
E  85 
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POTOMAC  BITEB  DKAIKAUE  BASH 
Dat^  gag*  M^t,  in  iMt,  of  Skermndoak  Sittr  (North  Braneh) 


ntar  Rivtrion,  Va. — Cod. 


D.r. 

JlD. 

Ftb. 

■Ur. 

Apr- 

ll«y. 

June. 

JiJy. 

An*. 

sw. 

Oit. 

Kov. 

D«. 

IM), 

4.U 

*5 

4U 
4» 
*» 

435 
4ZS 
12 
48 

ITS 

4  75 
50 

55 

5M 
49S 

47 

10  9 
S«6 

e4s 

SOS 

5  7S 
54 

ili 

MS 

7» 
79 

79 
735 
5M 
S3S 

s's 

54 

40S 

4.06 
406 
4  1 
406 

406 

40 
19 

40 

40 
40 
406 
406 

4.1 

4  1 

4  15 

426 
495 
445 

4  35 

435 

425 
425 

425 

4  25 

425 

556 

56 
S3 
5  16 
5.06 
616 

SS 
685 
8  IS 

766 

5  76 
65 
545 
63 
52 

4.95 
486 

\    

))     

a   

43 

4  1 
4  15 

42 

425 

*.a 

42 

4  IE 
4.1 

445 

30.  ' 

a 

a  

:.:;■ 

a 

905 

591 
545 

5  15 
Si 

995 
75 

7S 
ST5 
S55 
70 
S3S 

555 

545 
5! 
5  1 

49 

495 

77    

51 

'i 

485 

4R5 

4  75 

48 

455 
455 

45 

»    

»  .  .  .  . 

itna, 
1. 

H 

1< 

11 

a 

5! 
5  IS 

53S 

57 

535 

55 

55 
S55 

TIS 

S5 

6  7S 

ESS 

B«5 
595 

57 

555 

545 

525 

51 

50 
5  75 

10  0 

7  15 

Sfl 

826 
505 

565 
985 

80 

5  75 

55 

5.0 
4  85 

4  75 
4J5 

•Cw  nM  odt  F.UmiT  20. 1902  uid  rf|iUctd  Auk.  10,  Wnj. 
tRinr  mm  Junrr  12  Hi  28, 1901.  DwbW  18  to  23. 1901  uid  ni 
cPnMJ.nun22.1903.    OifB  piahMl  svir  by  in 


sdbyGoo^It: 


85  HYDBOORAPHY  OF  VIROISIA. 

Doily  gage  height,  in  ful,  oj  Shaumdook  Rivtr  {North  Brtmch)  ntar  RiverUn,  Vo.— Con, 


D.r- 

Ju. 

Ftb. 

Hu. 

Apr. 

Hmy. 

Juiu. 

Juljr. 

Ai«. 

&t.L 

Oct. 

Not. 

Dk 

H 
31 

S.0 

ftSE 

«M 
(.OS 

B.7S 
621 
6.06 

tas 

fl.26 
7.fl 

6.4 

6.4 
S.S 

6.2 

4.8t 
6,0 
4.W 
4.88 

4.S 
4.72 

4.7 

6.38 

6,0 

48 
4.72 

456 

4S 
4.41 

44 

436 
46 

10 
7,06 

S3 

6  IS 
86 

SfiS 

4.06 

6.86 

6.4 
6.1 

sot 

6-0 

4,06 

4.8 
4.8 

48 

4.78 
8.46 

636 

408 

6,18 
498 
48 

4^6 
4« 

i: 

46 
48S 

4.86 

626 

B.» 

7.7S 

6.66 

6,06 
4,86 

4.8 
4.86 

8,06 
6.7 

4,06 

40 

4,6 

4.46 
446 

4.8 

8.26 
8.3 
4.66 
4,62 
446 

436 

438 
476 

4,6 
806 

4. 88 
4.66 

40 
408 
47 

4.E 

4.4 

446 

4.8 
438 
4.3 
4,36 

4.36 
432 
436 
44 

B  IS 

6.82 
80 
6  76 

486 

456 

466 

47 
456 
44 
438 
436 
4,6 
4S 

44 
4«S 
485 
44S 

546 

S,2S 
8.06 
8.3 

8  76 
6S 

48 
43 

4.2 
■4.2 
4.1 
41 

446 

4,8 

4.8 
446 
43B 

485 

4,35 

4,2 

42 
4.22 
42 
422 
4.2 
42 
4.1 
4,1S 
42 
435 
4.2 
4.2 

4'l5 

605 
468 

448 
415 

456 

4.3 
43 

4.06 

4.18 

4.1 
4.06 

4DS 

4.06 

42 

4  U 

4  05 
4.15 

40S 

4.0 
308 
408 

4.05 

44 

4.86. 
43 
4.38 
446 

44 

415 

405 
1,»5 

4  06 

4.0 

406 

4.06 

4  06 

406 
406 

408 
4-Ot 

4,06 

416 
4.26 

4  16 

4  16 

4  IS 

40 

406 
405 

4.06 
4.06 

40 
4.06 

4.06 

4^1 
402 
40 

40 

402 

406 
40 
406 
4.1 

416 

4SB 

a4  t 

im. 

M.a 

43 
i3 

*.2 
*.2 

4.2 
4.2 
4.2 
4.2 

4.2 
4.1 
4.2 
4.1 

4.2 

4.2 
4.2 

42 

402 

J 

406 

4.7 
4.U 

4.7 

(S.2 

s.e 
so 

48 

4IB 

MS 

4.7 
4.S8 

IB 

4S2 
4)6 
4t2 
4U 

4S 

4.8 
4.78 

4.7 
4.78 

SS 
SS 

SS 

6  75 

ai 

a 

3S 

415 

4«e 

M 

30 

4» 

IMS. 

42 
4U 

S9 

St 

ss 

SB 
SS 

SS 

4.J2 

4  15 

4.T 

606 

47» 

9 

M  rt.  IMl.  Dfcmiba  Ifl  lo  23,  1003.  and  Dewmbff  26  lo  11 
tRinrtniMnJuuiTlIo23.  lOOt  and  Dntntia' 12  U  26. 1904. 
tOtt  nwnd  Jmun  23. 1904  to  pret«l  Irom  i«.    RqiUnd  Wiroh  S.  1904. 
iRinr  tnpn  Juivt  5  lo  Hmh  i  1908. 
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POTOMAC  BIVeK 


DGiivgag,heigla,i 

riK»«1<m,ro.-Con. 

pt.      Oct.       N«.   :   Dk 

Cy. 

Ju. 

Fob.   i   Hu.  '   A;r. 

llw.  1  June.  '  Jdr.      Aiic   1  Sa 

ia». 

»     

SB    '    7.BS      t 

S.B        8.7B  '    t 
S.S        8.4        S 
S.S        5.»B      S 

55  57S      5 

6  6        56        4 
S.S        5  4        4 

56  5.4        4 
SB        54        4 
5.5    1    S  V6      4 
S6    1    84        4 

5  5    ,    S.S        4 
56        80B      4 
65        746      4 

6  5  '     « V6      4 
6  5        6  6        4 
6.5        82    ;    4 

::::::;i  6:j   4 

s 

26 
16 

OB 

n 
« 

s 
s 

75 

7 
7 

8 

■        1        : 

4.5    '    4  5        B.S    .    4  4    '    4S    '    4  05      4.12  j    4.6 

5.46      4.4    :    7.1        4.7        4 
5.1B      4.3    :    5.1        6.48      4 
6,«6:    42        65    !    645.    4 
536      4.2        52        B.O    ■    4 

4.BB|    4.2    1    4.Wi    4,7    1    < 

47    1    7.6    '    6  65'    4  4    !    4 
4  02     10.75      5-96  1    4.16      4 
45    .    >06      5.4    i    50        4 

4  66  1    7  0        5.15  1    8.1     j    4 

4.8    ■    8.1        4.7S  1    4.9    '    < 
4.42'    5  7        4  75'    4.76;    4 
4.4    .    5.4        5.6    ■    4.8    j    4 

11  '    il      4  18l    452 

4.75 
S.S 
BS 
5S 
56 
55 

S.S 

1        4:35      4:01    5^4 

2    .    4.32  1    4.1    1    S.28 

;      1 

-    ■]■■!■ 

Hating  lahU  for  Shtnandoak  River  {Norik  BraneK)  ntar  Rivtrlon,   To.,  /rom  May  tS,  1899 , 

to  FAruary  BS,  1909. 


a 

DiKksv.. 

a 

VM^n^ 

.a 

Diichui^ 

H%^ 

DiKtev. 

rmt. 

&IH«4M. 

fat 

BmpoH<d. 

rmL 

Sm-OM. 

fM. 

BKmH^ 

3.50 

eo 

4.40 

710 

6.30 

1.640 

6.20 

2.780 

3.60 

140 

4.60 

800 

5.40 

1.760 

6.30 

2,910 

3.70 

1»5 

4.60 

895 

S.50 

1,880 

6.40 

3.060 

3.80 

265 

4.70 

990 

5.60 

2.000 

6.50 

3.100 

3-00 

320 

4.80 

1.090 

6.70 

2,130 

6.60 

3.330 

4.00 

390 

4.90 

1,190 

6.B0 

2,260 

6.70 

3.470 

4.10 

465 

S.OO 

1,300 

5.90 

2.390 

6.80 

3.610 

4. SO 

546 

5.10 

1,410 

6.00 

2.520 

6.00 

3,760 

4.x 

626 

5.20 

1.520 

...0 

2.650 

7.00 

3.800 

1.    It  ii  U«d  uoa  B  i&gliina 
■i«>  hd^ta  U  fnl  ud  tXh, 


h*.   Ibitabk 


sdbyGoOgle 


IIYDKOORAPII  y  OF  VIEQINU.. 


Riaing  table  tor  Sheiutitdcah  Rivrr  {North  Brandt)  near  Rivtrlon,  Va.,fTom  Augiut  17,  IBOt 
to  Aufvtt  16,  laoi. 


A 

DiMbvcb 

A 

— 

H^ 

DiiohiV, 

H^. 

DbdlMIB, 

f«t 

S-mMM. 

Ftt. 

S»«M-t 

.-. 

SutmMtA. 

Pi* 

Sh-^M. 

3.90 

165 

6,00 

670 

6.10 

1.620 

7.20 

2,6« 

4.00 

190 

6,10 

735 

6.20 

1,610 

7.30 

2,760 

4.10 

220 

6,20 

800 

6.30 

1,700 

7.40 

2.880 

4.20 

266 

6.30 

870 

6.40 

1,790 

7.60 

3,010 

4.30 

29S 

5.40 

940 

6.50 

1,890 

7.60 

3.140 

4.40 

340 

5.50 

1.01S 

6.60 

1,990 

7.70 

3,270 

4.S0 

390 

5.80 

1.090 

6.70 

2,000 

7.80 

3,400 

4.60 

440 

5.70 

1,170 

6.80 

2,100 

7.90 

3.540 

4.70 

495 

5.80 

1,255 

6.90 

2.300 

8.00 

3,680 

4-BO 

650 

5-90 

1,340 

7.00 

2,410 

4.90 

610 

a. 00 

1,430 

7.10 

2.520 

The  iibof«  Ubie  ■  itrioUj  ApplLoabLe  onJ^  for  c^cn  ohuuci  ondilioos.  \\  ii  bu 
undo  diDiiK  1901  to  lin3.inoluiin.udUiatnt  halt  of  l«04.  II  ii  fiiriy  nil  d« 
ud  4,8  feet.  Tbe  Ubla  hu  been  eTleeded  be]>iHid  tfane  limiu,  Thii  ntinf  oun 
DHUumDaiti  wtn  iniufGiient.  the  higheit  being  U  gife  K«(hl  4.8  feet 


a 

DiiiluKe. 

,a 

D-ch«(t 

hS. 

DKhUK. 

a 

D-dunw. 

Fat 

SwihOU 

F^ 

SimMMk 

ftA. 

SNMdM 

fM. 

j««a^-i. 

4.00 

100 

5.10 

696     1 

6.20 

1.405    ' 

7.30 

2,490 

4.10 

125 

5.20 

656     1 

6.30 

1.496 

7,40 

2.600 

4.20 

155 

5.30 

720 

6.40 

1.686 

7.50 

2,720 

4.30 

190 

S.40 

785 

6.50 

1.680 

7.60 

2.840 

4.40 

230 

5.50 

865 

6.60 

1,776 

7.70 

2.960 

4.50 

276 

5.60 

.   925 

6,70 

1.870 

7.80 

3.080 

4.60 

326 

5.70 

1,000 

6.80 

1.970 

7.90 

3,210 

4.70 

375 

5.80 

1,075 

6.90 

2,070 

8.00 

3.340 

4.80 

425 

6.00 

1,155 

7.00 

2,170 

4.90 

480 

6,00 

1.235 

7.10 

2.270 

5,00 

535 

6,10 

1.320 

,2. 

2.380 

i  hu  bp«n  «itended  t 


lun  HkI  bren  rliw).  II  il  ill  dtAud  bttWMa  |t(* 
■aai  theet  UmiU.  During  AugnA  IBH  >be  dun  bi 
D  tlic  tablf  is  uumad  la  ippl;  tna  Al(nN  10.  DO 


ILyGOO^IC 


POTOMAC  RIVEB  DKAINAOE  BA&IN.  91 

Silimaled  MonMy  Ditdtargt  of   Shencnutoak  River   {NorOi  Bronek)  near  Rtvtrion,  Va. 


Ditehariv  in  iHond'fcct 


1899. 
Juiuiy 

Ibreh 

April 

lUy 

hat  26^. . . 

My 

inguat 

September. .. 

October. 

Horembcr. . . 
^December, . . 


irebs.      pndpi- ' 


.212  I 
.219  I 
.178  I 


IBOO. 

£j«DU»ry '  *  ,330  , 

cFebruary 3 .862  ; 

Mireh. 5  ,700  ' 

April j  1,760  ; 

V 585  ' 


July 

■Atipwt 

Stptember. . 

October 

Votember. . 
"wember . . 


2,105  ' 

1  ,610  I 


ThsTf 


d^MipiUtiMi  tot  «mplM*  BO 
Hinr  InoBi  Decmhcr  M  to 
'tntr  hMBi  Juiiuy  I  Id  It 


2.28 
3.70, 

2.14 


The  year ' ;  35.51   ' 


2.57 
3.73  I 


2,97 
2,95 
2.46 

1.22 


}  iitd  Juuuy  X)  to  Febniarj 


,db,  Google 


HTDBOORAFHY  OF  yntaiNIA. 


Cootinued. 

I>iHllirg>iii««iMBt. 

Ru«ff. 

MODth. 

— 

MiBbnuD. 

Mw. 

>r 

^^ 

i 

IBOl. 

aFebroAry 

2,1S5 
390 
10,960 
21,030 
17,860 
12,680 
4.030 
2,260 
2.390 
1.322 
1.580 
14.580 

105  1        627 
207           299 
195  1     1 ,301 
693       4,034 
72B      2,653 
090       2,842 
605  '     1 ,4S9 
428           862 
168           684 
105           306 
140           363 
268      3,091 

.606 
.288 
1.34 
3.89 
2.66 
2.74 
1.44 
.831 
.660 
.382 
,350 
2.98 

,698 
.300 
1.54 
4.34 
2.95 
3.06 
1.66 
.958 
.736 

30 
91 

2.31        1.61 
.33         .03 

20       3.78       3.05 

November 

6December 

.300  ,      10  ,    2.01  !    1.62 
3.44    ,      66  ;     6.12       2.68 

The  year 

21.630 

140       1  ,562 

■  » 

20.51     1      42     48.04     28.43 

1902, 

3,960 
6.660 

1                1 

, 

eFebniary  1-25., , 

1,090       I.O69I1.9O         1.77      !  <f4.46 

! 

2.23    

2.64   

Msy 

,          "      '    ■              ' 

2.93 

220           243  1     .^4         .139 
165  1        211        .204  1       .228 
220           250       .250         .288 
190           317  :     .306         .341 
405  j     1,228     1.18         1.36 

Sepiember. 

October 

November 

December. 

318 

440 

800 

3.890 

9 
8 
U 
40 

2.59  1    2.36 
3.65       3.36 
3.21       2,87 
3.38       2.02 

1 

!iiD™mber!I  to_!S,jW'l.^_ 


n,  FebniMy  ami  .lB(uat.  IWJ. 


byGoo^lc 


POTOMAC  BIVEB  DBAINAOE  BAJSIIf. 


EitimoUd  manOdy  duchargt  of  Shtnandoah  Rivrr  (North  Branch)  ntar  Rivarton,  Va. 
Coniinued, 


Hcnth. 

Dbch>nein»oD 

Mai. 

Sumd-Il 

IbUHOlI. 

iwii>ri.ii«. 

»™™u     Muu™       ""■ 

of 

.  ■" 

Loaof 

1903, 
FebniMy9-28. . , . 

8,390 

3,205 

6,860 

a. 605 

1.340 

10,360 

1,840 

800 

1,655 

640 

295 

522 

495 
735 
870 
735 
390 
580 
340 
255 
295 
275 
255 
255 

2,225 

1,127 

1,750 

1.848 

549 

2,208 

736 

371 

404 

373 

205 

284 

2.15 
1.09 
1,S9 
1.78 
.529 
2-13 
.710 
-358 
,447 

2 
1 

2 

24 
811 
95 
99 

eio 

38 
819 
413 

499 
415 
286 
316 

1  <:4,08 

'  i;3,49 

47  1    4.15 
55      3.62 
23      2.69 
31  1    7.63 
27  i    3.06 
12  ,    3,53 
21  1    2,42 
18  I    2,39 
35  1     ■ .82 
33  1       -96 

April   .   . 

Jane 

Jnlj 

8«pt«DbM 

Odober.. 

1.92 

Novwnber 

•Dxwaber. 

,256 

.274, 

.53 
.64 

TT»T«r. 

:.■ 

i  38,84 

1904. 
<iiiiMiTl-23,,., 
FAroary 

256  ;        256           255        .246]       ,210    el, 80, 

1  .        .            .         '              i                1   .         ■     1  26      .      ... 

M»rch5-3I 

1,610           400,        620,1     ,698         .600  j e2,08  | 

2.465  j       318'       661,     ,637        .711        27      2,64  j    1,93 

Ht;. 

2.090  !        318  1        606        ,584         .652         12       5.57       4,92 
2,212,         295           554        ,534         .616'       12,     6.04  1    4,42 
560  1         126  1        255  1     .246         ,284  '       11       2.63  |    2,25 
172            96'         124       .120         ,134           7       1.B5  1     1,82 
126            90  1         110  ,     .106  1       ,122  i       10       1,20       1,08 
125'         100  1        112,     .108         .120         13         .96          ,83 
350!         105           225'     ,217         ,250,       10       2,46       2.21 

ioj. 

Stptember 

October.  

SoTsmber 

fl)«Miiiber 

The  year 

i 30,91   1 

(Eira  fmH  Jniuiy  12  to  28.  1903.  Dccoaber  16  lo  23  and  26  to  31,  I' 
irndM  JuuuT  22,  19GS.    Guf  pushed  otn-  by  Iff  ;  dincharn  r>liDiiiUd, 
iFnopiulioii  [or  mniplrtF  mooUu,  Jiduut  ind  F'fbniiirj,  1003 
ffimrfmniJuiiury  I  tola.  IMM.  and  DK«n1«  12  lo 21).  I9CH    Nu 
'hnpiMioD  lor  comptetc  moDtlit.  Janiiir}'  und  Mutch,  IWH 
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BtHmtdtd  mmiMy  dudutrge  of  Shemmdoah  River  (North  Brandt)  near  Riverton,  Co.^ 
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JAMES  RIVER  I 

DE8CRIPTIC 

The  headwaters  of  the  James 
extreme  western  part  of  Virginia 
fluence  of  Jackson  and  Cowpasti 
part  of  Botetourt  County,  Va. ; 
State  and  empties  into  Cheeapei 

The  river  vrith  all  its  tributar 
Virginia.  Its  total  length  is  abo 
about  9,700  square  miles.  The  t 
character,  changing  from  the  moi 
to  low,  flat,  and  often  swampy 
Jackson  and  Cowpasture  rivers  fl 
hills  over  beds  of  sand  and  gra\ 
are  bordered  with  fertile  bottom 
the  -water  collects  quickly,  causin; 

'*''oar  Clifton  T-'mge,  and   aga 
throiiffh  ridges  of  the  Alle; 
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of  solid  rock.  At  other  points  similar,  though  less  pronounced,  falls 
and  rapids  occur,  aa  the  river  cuts  through  the  leaser  foothills.  Be- 
tween theee  mountainous  or  hiilj  sections  the  flow  is  through  broad 
and  fertile  valleys  over  sand  and  gravel  beds  with  gentle  slope.  The 
fall-line  is  crossed  at  Eichmond. 

Many  dams  have  been  built  in  the  James,  generally  for  diverting 
water  into  the  old  James  and  Kanawha  Canal,  which  followed  the 
river  from  Ric^imond  to  Buchanan  and  was  at  one  time  utilized 
throughout  that  entire  distance.  It  has  now  been  abandoned,  how- 
ever, and  its  right  of  way  is  owned  and  for  considerable  disttinces 
occupied  by  the  Chesapeake  and  Ohio  Hailroad.  The  use  of  the 
dams  was  abandoned  with  tJie  canal,  and  although  many  of  them 
are  in  good  rejiair  they  have  not  been  improved  for  power  purposes. 
Fluctuations  in  stage  are  great.  The  record  of  the  Cartersville  sta- 
tion, which  extends  over  a  period  of  seven  years,  shows  a  range  in 
gage  hei^t  of  nearly  25  feet  The  estimated  dischai^  has  varied 
between  97,800  second-feet  and  fiOO  second-feet. 

In  1897  a  reconnaissance  survey  of  James  River  was  made  under 
the  direction  of  T>.  C.  Humphreys,  Profeasor  of  Civil  Engineering 
of  Washington  and  Lee  University,  This  survey  covered  the  portion 
of  the  river  between  Clifton  Foi^  and  Richmond,  and  a  part  of  the 
North  River  and  consisted  in  determining  the  profile,  which  was 
done  by  using  the  profile  of  the  Chesapeake  and  Ohio  Railroad  as 
a  base,  and  tying  on  to  &e  water  surface  at  each  dam  and  at  inter- 
mediate points  not  more  than  5  miles  apart.  Notes  were  made  in 
r^ard  to  the  condition  of  the  dams,  and  measuroments  of  fiow  wero 
made  on  all  of  the  more  important  tributaries. 

The  results  of  the  reconnaissance  as  given  in  the  following  pages 
is  taken  verbatim  from  Part  IV  of  the  nineteenth  Annual  Report  of 
the  IT.  S.  (Jeological  Survey  (1897-1898),  and  hence  should  be  ac- 
cepted with  reservations  due  to  changes  since  1897.  In  the  portion 
of  the  descriptive  matter  relating  to  the  James  River  the  names  of 
the  dama  are  given ;  for  that  relating  to  North  River  the  dams  are 
numbered.  The  tablee  give  statistics  in  r^ard  to  the  dams  and  also 
the  results  of  the  dischai^  measurements.  The  profiles  give  the 
elevations  and  slope  at  the  various  points. 

Dam  No.  10,  on  North  River,  wtta  formerly  called  Reid's  dam,  but  b  now  known  aa 
the  Lexington  Light  and  Power  Company's  dam.  The  available  head  U  11.75  feet. 
The  ereet  it  IS  feet  below  the  railway.  The  dam  was  built  of  dry  rubble  masouy,  »nd 
lbs  upper  wde  and  top  wa«  sheeted  with  plank  to  hold  wal«r.  It  was  found  neccesary 
to  replace  this  aheeting  in  1806.  At  the  time  of  the  erection  of  the  electric  plant,  in  1892, 
the  dam  waa  lowerad  3  feet  nearly  aJl  the  way  across  to  prevent  the  backing^  of  water 
into  the  tMl  r»ce  of  the  mill  at  Lexington,  l^e  power  at  tjiie  dam  is  fully  uliUied  and 
v  very  aatiafactory.  It  haa  been  noticed  here  tMt  the  river  holds  ita  own  remarkably 
well  m  extremely  dry  weather.  /--  i 

Dig-izedtyCiOO^lt: 


96  ilVDROGKAPUV  OF  VIEOINIA. 

Dam  No.  Q,  South  River  dam,  is  looal«d  immediatelj'  above  the  mouth  of  South 
River;  it«  crest  ie  9.55  feet  below  the  railway  and  its  height  ii  17.2  feet.  Thif  wu  a 
dr7  nibbleatone  dam,  aheeted  on  the  upper  eide  and  top.  About  two  yean  ago  the 
■heetiDg  rotted  and  caumd  the  dam  to  break.  The  break  ii  in  the  middle  of  the  dam 
and  is  u  yet  not  very  exteDsive.  It  coutd  be  eaoly  repdred  and  the  pover  utiliied 
at  the  old  mill  site,  which  ta  on  the  left  bank  near  the  nulway.  On  July  S,  1807,  the 
discharge  of  the  river,  measureil  a  short  distance  above  this  dam,  was  160  SBoond-fost, 
and  in  extreme  low  water  it  does  not  fall  below  about  90  second-feet. 

Dsm  No.  8,  located  13.7  miles  from  the  roouth  of  North  River,  was  tiuilt  of  logg 
and  is  broken  all  the  way  across.  The  fall  in  the  water  at  the  dam  is  now  only  2.4  faet, 
and  the  water  below  the  dam  is  IS.l  feet  lower  than  the  railway.  The  original  h^|^t 
of  thto  dan  must  have  been  at  least  S  feet. 

Dam  No.  7,  Buena  Vista  Electric  Plant  dam  (R),  Plate  VII,  is  13.1  miles  above  tlie 
mouth  of  North  River,  and  the  crest  of  the  dam  is  11.5  feet  below  the  rulway,  Tlie 
available  height  h  12  feet  This  dam  is  of  dry  rubble  masonry,  sheeted  on  the  upper 
side  and  on  lop.  It  needs  reaheeting  for  it  leaks  badly.  This  dam  is  below  the  mouth 
of  ^oulh  River,  and  the  discharge  of  the  river  when  measured  was  about  216  second-feet. 
In  extreme  dry  weather  the  discharge  is  probably  slightly  more  than  half  of  this.  The 
pbotogragh  of  the  daro  shows  the  method  of  paasing  the  canoes  down  over  the  dam.  The 
available  power  here  in  dry  weather  is  fully  useii. 

Dam  No.  6,  Buena  ^'ista  Paper  Mill  dam,  is  12.2  miles  from  the  mouth  of  North 
River;  the  crest  is  10.8  feet  below  Ihe  railway  and  the  height  is  15  feet.  This  dam  is 
built  of  dry  rubhlestone  masonry,  sheeied  on  Ihe  upper  aide  and  on  top.  It  is  in  very 
good  order  and  the  low  water  power  is  fully  utilized  by  the  paper  mill,  for  which  it  on^ 
furnishes  about  half  the  power  needed,  the  rest  being  derived  from  a  eteam  engine. 

Dam  Xo.  5  is  9.2  milea  from  the  mouth  of  Morth  River;  the  crest  of  the  dam  is  about 
14  feel  below  the  railway  and  the  height  is  6.8  feet.  The  fall  in  the  water  at  the  dam 
now  is  3.5  feet.  This  dam  was  built  of  logs,  with  slone  filling,  and  ie  now  washed  out  all 
the  way  across  the  river.     The  foundation  and  head  walla  are  in  good  order. 

Dam  No.  4  is  7.9  miles  from  the  mouth  of  North  River;  the  crcet  is  about  14  feet 
below  the  railway  and  the  height  is  S  feet.  The  dsm  was  built  of  dry  rubble  msaoory, 
sheeted  on  the  upper  side  and  on  lop,  I(  is  in  a  good  stale  of  preeervation,  except  that 
the  sheeting  haa  rotled  and  there  is  a  small  break  in  it.  The  river  has  cut  a  channel 
around  the  dam.  between  it  and  the  Chesapeake  and  Ohio  Railway,  which  is  narrow  and 
could  he  filled  up  without  much  difficulty.  The  Norfolk  and  WeBlem  Railway  runs 
along  the  right  bank  of  the  river  here  and  al  all  other  dams  below  Buena  Vista  on  North 
River,  thus  giving  a  mill  located  at  any  of  these  places  the  advantage  of  traosportatioii 
over  two  railways. 

Dam  No.  3,  Goose  Neck  dam,  is  6,7  miles  above  the  mouth  of  North  River;  the 
crest  of  Ihe  dam  is  15.8  feet  below  Ihe  rhesapeake  and  Oiuo  Railway  and  the  height  of 
the  dam  is  15  feel.  It  is  built  of  dry  rubble  masonry,  sheeted  on  the  upper  side  and  on 
top;  the  sheeting,  however,  is  rolten,  allowing  Ihe  entire  river,  except  in  high  water,  to 
run  through  (he  dam  lietween  the  cracks  in  the  dry  masonry  wail.  It  is  a  question  of  only 
a  short  lime  when  this  dam  will  break  like  the  others.  There  is  no  place  on  either  Janes 
or  North  Rivers  where  power,  now  unused,  could  be  so  cheaply  developed.  The  low  wMter- 
power  that  could  be  developed  here  is  al)out  300  horse-power. 

Dam  \o.  2,  Devils  t^tepa  dsm,  (.\).  Plnte  VII,  is  5.5  miles  from  the  mouth  of  North 
River;  the  crest  of  the  dam  is  about  10  feet  lielow  the  Chseapeake  and  Ohio  Railway,  the 
height  is  1  ]  feel,  and  Ihe  present  drop  in  the  water  surface  is  2.4  feet.  This  was  a  stone 
dam,  like  most  of  the  olherw  on  North  River,  and  mors  than  half  is  washed  away. 
The  head  wall  on  Ihe  left  bank  is  good,  and  on  the  right  bank  there  is  a  solid  rock 
ledge,  which  serveil  as  a  head  wnll  and  which  gave  the  dam  ils  name, 

riam  .Vo.  I,  Miller's  dam,  ie  5.2  miles  from  the  mouth  of  North  River;  the  crest  of 
the  dam  is  alioul  10  feet  below  the  Chesapeake  and  Ohio  Railway  and  its  height  Is  10  feet. 
This  dam  was  l>uilt  of  logs,  with  stone  filling,  and  is  now  nearly  destroyed,  except  the 
head  walls,  which  are  good.  This  was  the  loweat  dam  on  North  River.  Itlue  Ridge 
dam,  on  James  River,  just  below  Ihe  mouth  of  North  River,  ponds  the  wster  in  North 
River  for  over  a  mile. 

In  the  "  Report  on  the  water-power  of  Ihe  Middle  .Atlantic  watershed,"  Tenth  Cen- 
sus of  the  I'niled  Stales,  Vol.  XVI,  Part  1,  pp.  53t-551,  valuable  informsllon  is  given 
concerning  Ihe  James  River  and  its  tribularies.     Froni  that  report  the  following  table 
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(Bi    WEN*  VISTA  ELECTRIC  PLANT  ON  NORTH  (OF  JAMES)  RIVER. 
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ThU  Uble  showB  odIj  the  dams  below  Buchtuiko,  or  on  the  completed  portion  of 
tbe  caoaL  It  wm  the  iateution  to  extend  the  canal  eventually  to  the  Ohio  Mver,  asd 
for  this  purpose  surveys  were  made  and  two  dame  located  aod  built  above  Buchanan, 
which  have  never  been  used.  BeginninB  at  Clifton  Forge  asd  coming  down  Jaekiont 
and  Jamee  Rivera,  the  dams,  taken  in  order,  are  deecribed  below: 

Old  Forge  dam  is  210  milee  from  lUchmood.  The  crest  of  the  dam  is  13.0  feet 
below  the  Cheaape«ke  and  Ohio  Rulway,  and  the  height,  as  measured,  was  18.6  feet. 
This  dam,  which  was  eubatanti&Uy  built  of  stone  laid  in  cement,  was  probably  never 
entirely  completed.  The  head  wfdls,  about  half  the  dam,  and  the  foundations,  are  in 
good  order,  and  it  would  not  be  very  expennve  to  restore  the  dam.  The  low  water 
diecbarge  of  the  river  here  is  about  360  second-feet. 

Cabell's  dam  is  about  \K  milee  from  Richmond,  and  was  built  of  wood  on  a  Btone 
foundation,  6  feet  high.  It  is  almost  entirely  gone,  except  the  head  walls,  which  MCBted 
to  be  in  fairly  good  order,  ae  they  were  built  of  stone.  No  levels  were  obtained  here, 
connecting  the  dam  with  the  railway,  and  there  is  no  drop  in  tbe  water  surface  at  tbe 
site  of  tbe  dam. 

Wasp  Rock  dam  has  a  crest  19  feet  below  the  railway,  its  height  bting  IS  feeL  It 
is  completely  washed  out  except  the  head  walls,  which  are  in  good  order  and  well  built, 
and  the  foundation,  part  of  which  remains.  The  river  cut  a  channel  around  the  dam 
on  tbe  left  bank,  next  to  tbe  Chesapeake  and  Ohio  Railway,  which  has  been  Slled  up  bj 
the  railway  company  with  a  strong  embankment  protected  hi 

The  crest  of  1  " 

16  feet.     Most  of  this  dam  has  been  washed  away. 

Varneys  Falls  dam  has  a  crest  9,1  feet  below  the  railway,  its  hd^t  bang  14  feet, 
while  at  present  the  drop  in  the  water  surface  at  the  dam  is  4  feet.  This  dam  is  only 
partially  gone,  and  there  is  excellent  masonry  on  the  left  buik,  where  tbe  old  lock  stiU 
Btanda  On  the  right  bank,  which  is  occupied  by  the  Norfolk  and  Western  Railway, 
there  is  a  ledge  of  rock.  On  the  left  bank  there  is  an  excellent  location  for  a  mill  to  use 
the  power. 

'^  Quarry  Falls  the  creet  of  the  dam  is  10  feet  below  the  railway,  and  the  height 
:eet.  This  dam  Is  mostly  standing,  the  river  running  through  a  small  break  near 
tbe  center.  A  part  of  the  timber  is  rotten  and  will  have  to  be  replaced  if  the  dam  is 
repaired  for  use.  There  is  a  good  mill  site  on  the  left  bank  at  the  lock  for  utilising  the 
power.  This  dam  is  about  a  mile  below  Natural  Bridge  station,  where  the  Norfolk  and 
Western  Rulway  crosses  James  River  and  the  Chesepeake  and  Ohio  Railway. 

Blue  Ridge  dam,  at  Balcony  Falls  station,  has  a  creet  about  14  feet  below  tbe 
railway;  its  height,  which  is  13  feet,  may  be  increased  by  digging  a  tail  race,  for 
there  la  considerable  fall  below  the  dam.  This  la  an  admirable  location  for  the  de- 
velopment of  water  power.  The  plan  of  the  dam  was  made  in  1891;  mnce  that  tinw 
the  old  cement  mill  has  been  removed  and  the  wooden  part  of  the  dam  has  broken  near 
the  middle.  The  site  is  immediately  below  the  mouth  of  North  River,  and  the  low 
water  discharge  is  about  700  second-feet.     On  July  S,  IS97,  it  was  1,489  second-feet. 

Near  Rope  Ferry  is  Cushaw  dam.  The  old  creet  of  the  dam  was  15.75  feet  below 
the  railway  and  the  height  was  10  feet.  No  part  of  this  dam  is  standing,  and  nothing 
but  the  foundation  remains. 

The  crest  of  Big  Island  dam  is  14.3  feet  below  the  railway  and  the  height,  as  meas- 
ured, is  1 1  feet.  This  dam  ia  intact  and  the  power  haa  been  used  by  a  paper  mill,  situated 
OD  the  right  bank  beside  the  railway.  The  mill  has  not  been  operatea  for  several  years. 

Colemans  Falls  dam  has  a  creet  14.9  feet  below  the  railway,  with  a  hei^t  of  14  feet. 
It  is  in  part  broken :  the  stone  portion  ia  furly  good,  while  the  wooden  portion  has  been. 
moetly  washed  a 


AtQ 

is  13  feet 


It  year 
nilaon 


This  dam  has  been  restored  and  the  entire  power  of  the  ri 
by  a  very  complete  plant  tor  the  manufacture 
Aluminum  tympany,  of  Spray,  North  Caroline 

Of  Bald  Eai^e  dam  there  ia  nothing  left  standing  and  no  levels  were  obtuned. 

The  creet  of  Judith  dam  is  14.5  Feet  below  the  railway  and  the  haght,  as  measured, 
is  24.3  feet.  This  dam  is  the  highnt  on  the  river  and  is  in  excellent  condition.  A  part 
of  the  power  was  used  at  the  nail  mills  at  Reusens,  which  ia  about  balf  a  mile  below,  but 
these  works  have  not  been  operated  for  a  number  of  years.  At  the  time  of  visit  no  oae 
seemed  to  be  made  of  this  power,  but  it  is  reported  that  an  electric  company  in  Lynchburg 

•S«  laidt  by  Mr.  r«iii)le.  tKe  Enfiiurr  in  chnifc  of  erwtun,  publiihni  in  EnginMrinf  Km.  April  U.  ISSft. 
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utilim  poirar  from  the  canal  that  leads  from  this  dam  for  street  railway  and  other  pur- 
poMi. 

The  ertet  of  the  Lynchburg  dam  is  S.8  feet  below  the  Cbeespeake  and  Ohio  Rulway 
and  the  height,  u  meaaurcd,  wae  10  feet.  Since  the  above  table  was  compiled  this  dam 
has  been  improved,  the  conflicting  intereels  of  the  city  and  of  the  rulway  have  been 
kdjiuted.  and  the  full  power  of  the  dam  ia  Dow  being  utilised.  The  Cheoapeake  and 
Ohio  Rulway  Company  agrees  to  maintain  the  dam  perpetually  and  to  furnish  water 
for  •  consideration  to  the  pumping  plant  of  the  Lynchburg  water  works,  and  also  to  the 
Tarioua  mills  io  Lynchburg. 

Of  (he  Joshua  Falls  dam  nothing  is  standing  except  a  part  of  the  old  well  od  the 
railway  nde.  Tye  River  dam  is  at  Norwood  station.  The  water  below  the  dam  was 
35.S  feet  below  the  railway  at  Tye  River  bridge,  the  dam  was  10  feet  high,  and  the  drop 
in  the  water  surface  now  is  1,8  feet. 

The  Middleton  Mills  dam  does  not  seem  to  have  been  one  of  the  canal  dams.  Its 
er«M  is  10.2  feet  below  the  railway  and  its  height  is  3.2  feet. 

At  Maidens  Adventure  dam  no  abutmenta  are  now  standing,  the  dsm  is  broken 
sbout  the  middle,  and  the  masonry  is  very  much  dilapidated. 

The  trip  came  to  an  end  just  above  Hoeher's  dam,  which  stands  at  the  head  of  the 
falls  of  the  James  at  Hichmood.  Here,  in  a  distance  of  14  miles,  the  river  has  a  fall 
of  124  feet,  and  in  the  last  3  miles  the  fall  is  84  feet.  On  September  8,  1897,  during  a 
very  dry  seasou,  Mr.  Anachuts  measured  the  discharge  at  Cartersville,  47  miles  above 
Richmond,  and  found  it  to  be  603  second-feet.  This  seems  too  small,  for  the  combined 
discfaargcB  of  Jamee  River  at  Buchanan  and  of  North  River  at  Glasgow  were  at  that 
time  about  600  second-feet.  Taking  the  Cartersvitte  measurement  as  the  minimum 
Bow,  the  124  feet  of  fall  would  give  about  8,500  across  horae-power.  Mot  more  (ban  half 
the  total  power  that  could  probably  be  made  available  has  been  developed. 

Where  the  streams  were  sufficiently  large  the  current  meter  was  used  in  measuring 
the  diacharge,  and  when  the  water  was  not  too  deep  Che  method  of  wading  was  used. 
A  hue  WBB  stretched  across  the  nver,  and  starting  from  the  bank  distancee  were  measured 
wi^  a  tape.  The  rod  U>  which  the  meter  was  attached  was  graduated  and  used  for 
making  Boundinga  The  wading  method  gives  the  observer  accurate  knowledge  of  the 
bottom.  Where  the  stream  was  too  deep  to  wade,  such  as  the  James,  at  Glasgow,  a 
tagged  gslvaaiied-wire  clothesline  was  uaed  and  the  meter  was  let  down  from  one  of 
the  canoes,  one  man  in  the  canoe  keeping  it  in  place  by  holding  the  line.  This  method 
worked  well,  but  great  difficulty  was  experienced  in  getting  the  line  across  and  stretched 
dose  to  the  water.  The  pull  on  the  line  was  so  great  that  it  was  difhcult  to  fasten  the 
ends  securely.  The  party  was  not  equipped  with  an  instrument  for  the  indirect  determi- 
nation of  distances,  so  that  no  messuremente  were  made  of  the  main  river  below  Balcony 
Falls  where  North  River  empties  into  the  James.  The  impracticability  of  measi 
the  main  stream  ea«ly  and  quickly,  when  too  deep  to  wade,  was  a  weak  pmnt  ii 
equipment.  The  measurement  at  Csrtersville  was  made  by  letting  the  meter  down 
from  the  bridge  in  the  usual  way.  Following  is  a  list  of  stream  messtrements  made 
during  the  trip. 
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HTIffiOOKAFHT  OF  TIBOINU. 
Stream  vuamremtntt,  made  in  1897,  of  Jama  Riter  an 
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JAU£S  BIVKB  DBAINAUE  BASIN. 
Stream  mtamretiunU,  madt  in  1897,  oj  Jatntt  River  and  ill  trilmlaritt. — Con. 
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HTDBOOKAf  HT  09  VIBOIHIA. 


JAMKS  BIVER  AT  BUCHANAN,  VA. 


This  station  was  established  August  18,  1895,  by  C.  C.  Babb.  It 
is  located  at  the  iron  highway  brit^  near  the  Chesapealce  and  Ohio 
Railway  station,  and  one-half  mile  from  the  24^orfolk  and  Weetem 
Railway  station.  It  is  about  20  miles  above  the  mouth  of  North 
River  and  one-half  mile  above  the  mouth  of  Pui^toiy  Creek.  The 
United  States  Weather  Bureau  maintained  a  gage  at  this  point  for 
about  two  years  before  measurements  were  made  by  the  Geological 
Survey.  On  April  3,  1897,  the  datum  of  the  original  wire  gage 
was  lowered  two  feet  to  avoid  negative  readings.  On  November  21, 
1903,  the  wire  gage  was  replaced  by  a  standard  chain  gage.  It  is 
located  on  the  upstream  side  of  the  bridge  near  the  center  of  the 
left  span.  The  length  of  the  chain  from  the  end  of  the  wei^t  to 
the  marker  is  35.08  feet.  Bench  mark  No.  1  is  the  top  of  a  stone 
post  under  the  southwest  comer  of  the  porch  of  the  Chesapeake  and 
Ohio  Railway  station.  Its  elevation  is  24.68  feet  above  gage  datum. 
Bench  mark  No,  2  is  a  copper  bolt  in  a  ledge  of  rock  on  the  left  bank 
.'(00  feet  above  tlie  station.  Its  elevation  is  16.23  feet  above  gage 
datum.  This  bench  mark  was  established  November  21,  1903,  at 
which  time  the  old  bench  mark  on  this  ledge  could  not  be  found. 
Bench  mark  No.  3  is  a  United  States  Geological  Survey  aluminum 
tablet  set  in  the  upstream  side  of  the  left  abutment.  Its  elevation  is 
29.22  feet  above  gage  datum.  Bench  mark  No.  4  is  the  top  of  the 
upper  end  of  the  seventh  floor  beam  from  the  left  bank.  Its  eleva- 
tion is  30.03  feet  above  gage  datura.  Discharge  measurements  are 
raade  from  the  lower  side  of  the  tw«>«pan  iron  hi^way  bridge,  which 
has  a  total  span  of  350  feet  The  initial  point  for  soundings  is  the 
end  of  pin  on  the  lower  side  of  bridge  at  the  left  bank.  The  channel 
is  straight  for  300  feet  above  and  for  about  the  same  distance  below 
the  station.  The  iMirreiit  has  a  moderate  velocity  and  is  broken  by 
the  middle  pier  of  the  two-ajian  bridge.  Both  banks  are  high,  not 
liable  to  overflow,  and  without  trees.  The  bed  of  the  stream  is  rock 
and  mud  and  shifts  somewhat,  but  the  flow  at  the  measuring  seoticm 
is  determined  hv  a  permanent  rock  control  a  few  hundred  yards 
downstream.     The  gage  is  read  twice  each  day  by  U.  H.  Hyde. 
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■>}  Jamet  Sivrr  at  BueAanan,  Va. 


beicht.      I      tbiitt. 


July  31 C.  C.  Babb 

AuguM  1 , do 

Sq>tember  6 D.  C.  HumphrejB. . 


II«7  22 

Mr». 

July  24 do. . 


P.  H.  AoHhuti. . 

A.  P.  DavU 

F.  H.  Anschuti. 


D.  C.  Humphr^s, . . 


D.  C.  Huiiipbrays. . . 


2.11 

5.32 

2.44 

3.09 

6.74 

13.51 

1-38 

2.66 

2.02 

3.30 

1.37 

2.70 

1.40 

1.70 

1.16 

2.40 

.82 

2.05 

1.60 

2.86 

3.21 

5.54 

,70 

2.09 

4.62 
2.S0 


sdbyGoO^It: 


HYDBOQEAPHY  OF  VIKGINIA, 
Dudtargt  mtamTementt  of  Jamti  River  at  Buthanaa,  Va. — Con. 
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Daily  gagt  htight,  (o)  in  /eet,  of  Jamtt  Rntr  at  Budtanan,  Va. 
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UYDKOO&Af  UY  OF  VlSGIKtA. 

Dailjf  gagt  height,  in  jttt,  of  Jarnei  River  at  Buduman,  Va. — Caa. 
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Dotty  sitgt  htigU,  in  /tet,  o/  Jamet  River  at  Buchanan,  Va. 
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HYDBOOEAPUY  OF  VISOmiA. 
Daily  gage  height,  in  leet,  0/  Jatnt*  River  at  BatKanan,  Va. — Cod. 
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Oaity  gage  htigltt,  in  jttt,  oj  Jama  River  al  Buchanan,  Va. — Con. 
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JO      

19  36 
10  3 

i 

4  66 

8 

11 

». 

2B 

» 

a. 

»    

5  36 

305 
365 
34S 

32 

426 
446 

•  46 

495 
43 
3  »6 
405 

♦  26 
396 

356 
325 
30 
125 

n.       

2 

3 

0 
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HYDBOQKAFBT  OF  VIBOINIA. 


Dait]/  gagt  keight.  in  Jett,  of  Jamti  Rivtr  at  Badtanan,  Va. — Coil. 


L»y. 

Ju. 

Fd). 

tUt. 

Apr. 

U*,. 

Jons. 

July. 

Ai» 

Sort. 

Ort. 

Kov. 

Dtt. 

1903. 

a.» 

5.1 
tf  35 

525 

4.S 

4.3 
«  1 

S.7 
456 

4  35 

4.2 
786 

297 

255 
2M 
248 
2  75 

3.15 
2M 
2  77 
289 

3S2 
2M 

1125 

7.36 
SO 
5.2 

1,45 
425 

S36 
I7S 

586 

606 

436 
426 
395 
38 
385 
425 
11  15 

825 

51 

8.96 
805 

839 

15 
3  24 

6  It 
5  It 

496 
665 

625 

506 
146 

fl4I 

3  81 

382 

353 

33 

438 

3  87 
3I<8 
368 

33fi 

3  18 

29 

455 
4  26 
406 

336 

365 

327 
345 

582 

2.7 

3,S 
2.6 

366 
7,06 

5.1 

4  76 

3  75 
346 

3.16 

2.8 

3.7 
3.45 

32 
336 

566 

499 
8  11 

649 
6.48 

4  14 

353 

3  19 

293 
326 

3  87 

316 

31 

3.0 
3.46 
306 
396 

2.76 
26 

2.6 
24 

25 

35 

2.5 

24 
24 

24 

23 
23 

2  52 
239 

22 
25 

2.39 

23 

235 

3.1 
2  35 

33 

32 

ts6 

IS2 
1  82 

182 

18 
18 
IS 

1.8 

18 

18 

186 
1  86 

11 

1  85 

185 
188 
1  86 
1  87 

187 
188 
1  85 
186 

186 

lot 

20 
197 

193 
19 

3 
3 

46 

76 
75 
85 
«5 

40 
356 

a.05 

3  18 
306 
405 

69 
4.6 
396 
356 

3  36 

3.06 
2.9 

3.7 

35 

34 

24 

3.8 
336 

298 

366 
2  67 

2  47 
256 

2.36 

244 

23 
2.2 
2.17 
2  12 

2.1 

2.0 
30 

42 

3.U 
3.2 
3S 

33 

3G 

35 
345 

8  85 

ee 

2  47 
2  47 

25 

2m 

25 
24 

2.16 
226 

H 

15 

30 

22 

23 

35 

37 

28 

29 

30 

1904. 

5 

8 

10      .... 

13 

IS  ,       . 

18  .   . 

20  .       . 

21 

2.  IS 
31 

2.1 
2» 
206 
2(C 
2  15 

23 
228 
I.2S 
211 
238 
2» 
21 
23t 
252 
236 

19 

19 
192 
lt6 
191 

202 
2.01 
202 
20 
2.) 
197 
197 
191 
1*1 

196 

h- 

JAlf£8  BJVEB  DRAIBAOE  BASIN. 
Daily  gage  Meigltt,  in  ftet,  of  Jamn  River  at  Btichanan.  Va.— Con. 


Ikl 

j*>. 

Ftb. 

^. 

.Apr. 

Hu', 

*«. 

Julx. 

Aug. 

Sept. 

On. 

No.. 

0^ 

UH 

53 

aM 

3  44 

2.81 

4B 

2  \^ 

22 

187 

1  86 

1  97 

102 

M 

}8« 

220 

1  85 

3» 

4  4S 

4M 

3.73 

4  It 

2.72 

232 

185 

193 

2.02 

t  IS 

304 

2et 

233 

306 

187 

!7 

t-a 

3.M 

445 

260 

1  85 

1  03 

230 

asa 

8.18 

442 

1  85 

1  86 

103 

2  46 

»     .. 

373 

3W 

2S 

1S6 

186 

2  tZ 

X 

ISI 

3<5 

332 

106 

1    86 

1  85 

1  9 

239 

31.  .. 

287 

34 

3  75 

2  18 

102 

232 

1106. 

ia.\9 

2  17 

3«0 

33e 

245 

3»l 

2  81 

304 

2  14 

1  88 

2  10 

206 

2(» 

438 

32S 

245 

286 

208 

2  06 

!0! 

isa 

JOB 

30S 

2  71 

355 

1  98 

202 

308 

lU 

43Z 

305 

238 

333 

105 

200 

690 

S.IO 

305 

2M 

302 

1  06 

200 

436 

»2S 

2  01 

soo 

287 

322 

lOZ 

200 

388 

2MI 

442 

238 

2  48 

100 

200 

2  81 

208 

408 

S08 

2  70 

2.00 

2W 

lU 

3  01 

28» 

2  47 

2  A4 

188 

2.00 

2  76 

» 

2  10 

II  Zl 

3  71 

238 

383 

2  58 

2  24 

1  85 

200 

2C6 

l.» 

2.14 

234 

3« 

2S5 

309 

200 

Z5S 

3.51 

7«2 

256 

220 

2  21 

2  CO 

244 

U 

ZM 

S83 

3.38 

023 

230 

14  82 

266 

200 

140 

328 

864 

11  311 

266 

ZOO 

4M 

2   10 

200 

Z33 

117 

24a 

303 

828 

223 

e  17 

2.06 

236 

283 

430 

340 

7  20 

2  06 

2.00 

230 

218 

t3< 

203 

SOS 

2  W> 

2  10 

aot 

200 

232 

I«i 

ZM 

i  30 

288 

505 

2  41 

403 

200 

230 

M 

4!* 

270 

448 

27! 

2  IW 

200 

230 

432 

362 

208 

2  06 

208 

200 

S2fl 

a . 

2  SI 

nao 

3  75 

3  70 

249 

208 

200 

8  01 

a   . 

2  ta 

S3S 

206 

200 

66S 

244 

jes 

leo 

2M 

IM 

206 

201 

4  91 

a 

JTO 

3  18 

fl23 

39B 

2  06 

200 

4  31 

M . 

239 

382 

2  77 

208 

200 

408 

230 

3  31 

300 

332 

2  57 

200 

378 

»   

3.79 

3M 

2SS 

230 

200 

3.00 

»        

2  31 

3  W 

3  18 

23« 

190 

220 

20O 

428 

3  2* 

3«0 

260 

324 

300 

345 

222 

202 

4  16 

11 , . 

2.M 

3.« 

I  72 

3  17 

2  24 

2  M 

301 
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HYXIEOQEAPHY  OF  VIEOINIA, 


Ralitig  loUe  /or  Jama  River  at  Buchanan,  Va.,  from  Auguit,  1895,  (o  Augutt  SI,  1898. 


1.90 
2.00 
2.10 
2.30 
2.30 
2,40 
2.50 
Hh  than  Libit  ia  Mi 


DMuun 

■& 

a.t»>*tHL 

r>4. 

260 

2.60 

295 

2.70 

335 

2.80 

380 

2,90 

425 

3,00 

475 

3,10 

530 

3,20 

585 

3,30 

045 

3.40 

710 

3.50 

785 

3,60 

865 

3,70 

955 

3.80 

1,050 

3,90 

1,150 
1,260 
1,375 
1.495 
1,620 
1  ,750 
1,890 
2.035 
2,185 
2.340 
2.605 
2,675 


4.00 
4.10 
4.20 


5,700 
6.160 
6,630 


Qua 

HtwU. 


iCf  icUy  Dpplieable  Doly  for  open  chaamii  c 
189&    It  uulw^  defined.    Al»%-e  8.0 

Rating  UAleloT  Jama  River  at  Buchanan,  Va.,fr 

Que 
H«lSt 


5.S0 

7,110 

6.00 

7.600 

6.20 

8,100 

6.40 

8,620 

6.60 

9,140 

6.80 

9,680 

7.00 

10,220 

7,20 

10,780 

7.40 

11  ,340 

7,«0 

11.920 

7,80 

12.520 

8,00 

13.140 





»tSi: 

i«eu.i«)^ 

DieenberSl,  I90S. 

1.90 
2.00 
2.10 
2,20 
2  30 
2,40 
2,50 
2.60 
2.70 
2,80 
2.90 
3.00 


Di«l«r»t 

hJcEl 

DiKharce. 

,a 

DiKtiuie. 

a 

Stcmi-t-L 

8.»»^M. 

P-*, 

8»>mH«t. 

F0L 

275 

3,20 

I  .670 

4,70 

4,450 

7.20 

325 

3,30 

1.815 

4,80 

4,665 

7.40 

380 

3,40 

1,965 

4,90 

4,885 

7.60 

440 

3,50 

2,125 

5,00 

5,105 

7,80 

505 

3,80 

2,290 

5,10 

5.330 

8,00 

575 

3,70 

2,460 

5,20 

5.555 

8,20 

655 

3,80 

2,640 

5,40 

6.015 

8.40 

740 

3,90 

2,825 

5,60 

6,485 

8,60 

835 

4,00 

3,015 

5,80 

6.965 

8,80 

935 

4,10 

3,210 

6,00 

7.460 

9,00 

1,040 

4,20 

3,410 

6,20 

7,970 

9,20 

1,I.W 

4,30 

3,610 

6,40 

8,495 

9,40 

1,275 

4.40 

3,815 

6.60 

9,030 

9  60 

1,400 

4,50 

4,025 

6  80 

9,575 

9.80 

1,.M0 

4.60 

4,235 

7,00 

10,130 

10.00 

10,700 
11  ,290 
11  .900 
12.520 
13,140 
13,780 
14.420 
15.080 
15.760 
16  .470 
17.200 
17,950 
18.720 
19  .SCO 
20.300 


ludr  iliirinf  IW1  U  leOS.    It  u  wtU  df£n«l  bb. 
ained  Sy  (vru  mnmiomibi  nude  diihi>(  1901, 
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JAME&  BITES  DRAIIfAaE  BASIN. 


Bttimated  monlUy  dudtarge  of  /omo  Aiii«r  at  Buehaium, 

Va. 

itatkHL 

DilAiqlimHBd-tKt. 

IbiiHoCr. 

Pnw 

HddUl 

^ 

Htwu 

BnoKiMl. 

D^ 

IW 

JL 

Lo>«( 

1S95. 

1 

Mil 

1 

475 

380 

412 

.200 

.223 

24 

.91 

.69 

Oetob*r..... 

' 

425 

426> 

425 

.207 

.236 

27 

.S8 

.64 

Nimmber.. 

585 

475  1 

se» 

.274 

.306 

17 

1.86 

1.54 

December  1 

to2S. 

5,260 

530, 

1.189 

.578 

.002 

03.76 

61806. 
Juiuaiy  24  to  31..! 

?ebruMy 

Mireb 

»»r 


July... 


7.600  I 
10 .020  I 
22,050 
16,650  I 

2,065  I 

3 ,310  I 
30,000  ; 

2,340 
40,160 
11.060 
17,200  I 


2,874  : 
3,422 
4 ,712  ! 


1.294 
2,000 
1,025 
1,826 
1,284 
2 .527 


1.79 
2.64 


02.20 

4.06 

£.2. 

5.26 

2.62 

1.57 

,31 

3.03 

2.45 

5.19 

4.49 

6.60 

4.96 

3.52 

2.95 

6.20 

5.21 

,db,Google 


HYDBOaRAFHT  OF  VIBOINIA. 
EiHtnatfd  monlhiy  ditdiargt  of  Jamti  Rivtr  at  Bvdutnan,  To. — Con. 


UobUl             !                     i 

U^ 

SuneHl. 

Loaol 

1897.  I 

Juiuary 1 ,40S  i 

Febnur; ,  38,600 

March \  12,830 

Apnl 3,600 

May 22,120 

Ju« I  1 ,780 

July 2,110  , 

August 055 


710 

886 

1,260 

10.660 

2,185 

4.821 

1,150 

2,064 

MOO 

4,730 

710 

1,018 

710 

1,0*9 

fi30 

621 

335 

42G 

5.13 
2.34 


6.34 
2.70 


dOetober. 

a  November. . 
a  December... 


602 


Theyear. |    38,600  , 


6 January. . , 
ftFebruary.. 

Mwcb 

April 

May. 

July 

September . . 

October 

November, . 

December. . . . 


Theyear 39,120 


14.760 
10,600 
24,420 
1,495 
2,185 
26.820 
6.250 
39,120 
8,230 
6,486 


1.040 
1,155 


1.77, 
5.60  : 


5.30  ' 
3.34  I 


2.332  I  1.13    ]  1S.04 


4.163 
2,212 
2,384 


3.65 
2.79 


16       2.21        1.86 


2.17 
2.45 


41  !  36,98     21.96 


35    47.33     30.70 


2.94 

.64 

5.76 

3.37 

3.60 

3  01 

4.81 

4.36 

6.83 

3.56 

3.28 

2.84 

8,07 

fi.74 

2.2S 

l.0« 

3.06 

1.72 

,db,  Google 


JAMSS  KIVEB  DKAIITAOE  BA3IN. 
Bttimaltd  monthly  ditdtargt  of  Jamet  Rivtr  al  Bvrhanat%,  Va. — Con, 


21,3 

21.100 

66,200 

6,132 
10.700 

2.640 


17,670 
17;200 
21 ,510 
6,132 
4,02S 
9.8S0 


22,120 
57,800  ! 
17 ,570  1 


3,850  I.B7 
7,291  3.54 
10,130  .  4.92 
3.034  i  1.47 
3.205  I  1,60    I 


l.lBl  I 
434  I 


6,014 
2,683 


1.17 

1.35 

2.11 

2.20 

2.92 

3.37 

1.30 

1.46 

.604 

.606 

1.10 

1.23 

.382 

.440 

.109 

.220 

.298 

.333 

.810 

.034 

2.20 

2.40 

1.48 

1.71 

1.21 

16-40 

2. 78 
2.82 
2.66 


40  41.45  25  05 


1.35 
2.41 


3.76 
2.85 


Id  July  4^  UM.  Hibb  lo  muidtnUe  «i 


sdbyGOOgle 


HYDEOGRAPUY   OF  VIKQINIA. 
Btlimated  numihiy  ditdtarge  of  Jama  River  ai  Budtanan,  Va. — Con. 


DtKbuvbkwm&bM. 

iiMOi. 

Hummm. '  Kinimitm. 

1 

Htm. 

SwuMMt.'    Depth 

Loanl 

m 
■oAm. 

1901. 

Febni&ry 

1.890 
la  .470 
29.770 
36.600 
27.040 

5,900 
19,300 

9.030 

1.600 

035 

67.450 

835       1,307 

835  1    3 ,876 

2 ,826      9 ,179 

1,670  ;    6,346 

1.965       5.807 

935       2.617 

835  1    4 ,830 

740  1     1,696 

575  789 
440           560 

576  1    8 ,607 

.635 
1.88 
4.46 
3.08 
2.82 
1.27 
2.35 
.824 
.383 
.267 
4.18 

.661 
2.17 
4.98 
3.55 
3.15 
1.46 
2,71 
.919 
.442 
.298 
4.82 

105       0.63 
5S  .    3.71 
76       6.52 
66      6.31 
62  '    6.07 

—.03 

1.54 

2.92 

31       8.71       6.00 

8ept«mber 

26       3.56       2.64 

November 

22       1.37       1.07 
63  ,    7.63       2.81 

1 

The  year 

67.450 

440 

4.038 

1.96 

26.76 

51     52.43  j  25.67 

1902. 

14.420 

4G,690 

66.290 

7,210 

1,400 

1.530 

1,600 

787 

656 

987 

4,130 

8.362 

1,276 

1,530 

2,460 

1.530 

936 

740 

505 

440 

380 

440 

440 

1,400 

3,735 
7,212 
9.685 
3.714 
1.178 

1.81 
3,60 
4.71 
1.80 
,572 

2.09 
3.64 
5.43 
2.01 
.660 
.521 
.383 
.307 
.231 
.345 
.528 
1.01 

69 
69 

3.03         .94 

February 

5.26  1     1.62 
.1  16  —2.27 

2«  i     2.53       1.87 

14 
17 
19 
80 
8 
14 
63 

2.27       1.89 

548 
425 
615 
974 
3.426 

.266 
.207 
.209 
.473 
1.66 

September 

2.80       2,66 

Deoember 

3.74       3.21 
3.04       1.13 

The  yo«r. 

66,290 

380 

2,762  1  1,46 

18.06 

48 

37.42     19.36 

,db,Google 


JAME»  RIVEK  DKAINAOR  BAtJlN. 
EiHmaitd  monlMy  daduMrye  of  Jama  Rivtr  at  Biithanan,  Va. — Cod. 
INariiiiia  in  Kamil-fML  RuihiIT. 


JU1WU3' !  23 ,370  ' 

February I  42.760 

lUrdi 44.340  ; 

April !  16,83o! 


»»r 

July. 

AnguM 

9ept«iiib«i. . 

October 

November. . 
December... 


4,130  I 
10 ,410  I 

7.210  ] 

2,046  ' 
12 ,210  ' 

2,460  ' 
575 


1,165 
3,310 
2.640 
2,825 
1,040 
935 
740 


4,4S8  ,  2.18 
7,667  I  3.73 
8.442  I  4.10 
5,620  '  2. 68 
1 ,767  :  .861 
3,322  1.61 
2,010 


981  I 
8  i     .466  I 


4.56 

2.06 

5.41 

1.63 

5.66 

.03 

3.62 

.63 

1.2S 

.26 

7.67 

6.77 

3.00 

1,87 

3.47 

2.9S 

2.93 

1.08 

TheycftT... 

1904. 

Junurj I  6,765 

February I  7 ,687 

Mud) 1  14,390 

April I  13,720 

May I  21,100 

JoM I  16 .900 

July 1,670 


SeptMober.. 

October 

Norembar. . 


1,086 


1.04 
2.20 
1.64 
2.19 
1.76 


2.34  J 
1.94  i 
2.39  j 
2.31  j 
3.81  ' 


3.64 
1.98 
1.29 


1.07 
2.38  ' 


TlMyMT. 21,100 


sdbyGOOglC 


HTDEOOKAPHT  OF  VIBQIHIA. 
Bflimalnl  menlhly  ditehargt  0/  Jamrt  River  al  Bvehanan,  Va. — Con. 


oJanuary — 
Febniu? — 

Uuch 

April 

May 

July 

Seplember. . . 

October 

November. , , 
December. . . 


25 .370  I      2 .109 


ala  moditioni  during  iHit  of  Jaat 


NOKTH    (of   JAMES)    RIVEK  NEAR  QLA8QOW,   VA. 

This  river  rises  on  the  western  slope  of  the  Shenandoah  Moun- 
tains and  flows  in  a  southeasterly  direction  across  the  valley  hetween 
the  Shenandoah  and  Blue  Ridge  rajiges,  emptying  into  James  River 
about  17  miles  south  of  Lexington,  Va.  Its  drainage  basin  is  large- 
ly under  cultivation  except  in  the  upper  part,  where  it  is  mountaio- 
oua  and  covered  with  forest  growth. 

The  gaging  station  was  established  Aiigust  21,  1895,  by  C,  C. 
Babb,  assisted  by  D.  C.  Humphreys.  It  is  located  at  the  county 
hridcp,  threc-fonrths  of  n  mile  from  the  post-ofBee  at  Glasgow,  Va., 
and  one  mile  above  the  month  of  North  River.  The  original  gage 
was  of  the  wire  type.  On  July  22,  1903,  a  vertical  rod  gage  iras 
placed  in  position.  This  consists  of  a  2  x  6  inch  rod  nailed  to  a 
3x6  inch  onk  timl)er,  which  is  sunk  to  a  firm  foundation  and  secure- 
ly nailed  and  braced  to  an  overhanging  tree  on  the  ri^t  haidt  below 
the  bridge.  This  gage  is  established  on  the  same  datum  as  the  origi- 
nal wire  gage  and  was  read  from  the  bridge.  On  November  24, 
1903,  a  standard  chain  gage  wa«  established  on  the  lower  side  of 


3d  by  Google 


JAUES  BIVBB  DBAJNAQE  BASIN. 


the  bridge  in  the  right  span.  Its  datum  is  the  same  as  that  of  the 
trire  giige  aod  rod  gage  which  it  replaces.  The  length  of  the  choiii 
from  the  marker  to  the  end  of  the  weight  is  28.00  feet.  Bench  mark 
Xfo  1  is  a  standard  copper  plug  set  in  the  downstream  end  of  iJie 
capstone  of  the  right  abutment.  It  is  inclosed  in  a  ring  of  white 
paint  and  is  marked  hy  the  letters  "B.  M.  U.  S.  O.  S.  Hydro."  Its 
elevation  is  23.89  feet  above  gage  datum.  Bench  mark  No.  2  is  the 
upper  surface  of  the  upper  chord  over  the  pulley  of  the  chain  gage. 
Its  elevation  is  32.29  feet  above  gage  datum.  Discharge  meaaure- 
ments  are  made  from  the  lower  side  of  the  bridge  to  which  the  gage 
is  attached.  The  initial  point  for  soundings  is  the  center  of  the 
enJ  i>iu  of  llie  downstream  truss  on  the  left  bank.  Originallv  lueas- 
nrements  were  made  from  the  sidewalk  on  the  upstream  side  of  the 
bridge.  Beginning  with  1902,  measurements  were  made  from  the 
lower  side  of  the  bridge,  owing  to  tlie  removal  of  the  sidewalk.  The 
section  of  this  side  of  the  bridge  is  not  as  favorable  for  accurate 
measurements  as  that  on  the  upper  side,  as  it  is  obstructed  by  sunken 
logs  and  by  the  bridge  piers.  The  channel  is  straight  for  600  feet 
above  and  below  the  station  and  has  a  width  of  240  feet,  broken  by 
tvo  iron  piers.  Both  banks  are  high,  fringed  with  trees,  and  not  liable 
to  overflow  except  at  veiy  high  water.  The  bed  of  the  stream  is 
ro^ky  near  the  right  bank,  and  is  composed  of  rocks  and  mud  near  the 
left  The  ten  years'  record  at  this  station  indicates  a  steady  wearing 
away  of  the  stream  bed  and  increase  in  the  slope,  due  to  erosion  at 
the  controlling  point  below.  The  gage  was  road  once  each  day  by  B. 
Q.  Baldwin.       This  station  was  discontinued  December  31,  1905. 
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672  ,           ,75 
631               96 

1 .818          5.57 
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1.80            480 
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JIVDKOOEAPHV  OF  VIRGINIA, 


Diidiarge  mtaturemenU  of  Norllt  (of  Jamn)  River  near  OUugow,  \'a. — Con. 


D.  C.  Hnrnphreya. . 

F.  H.  Anschuti 

D.  C.  Bumphrsya. . 


1S97. 

U>y2g 

July  27 

August  14 

aOetober  14. . . 

1808. 

May  7 

July  19 

DeMmber  23. . 
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June  27 
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1900. 

March  29 

June  26 

August  4 

December  10. . 

1901. 

July  16 

August  7 


June  26 

July  10 

Auguat  20. . . 


July  22 B.  S.  Drane 

Mareh  20 E.  C.  Murphy 

September  10 Paul  and  Sawyer.. . 

Novembar  26.. . .  W.  C.  Sawyer 

aHeuumMal  Ootobtt  H.  I8A7,  inidi  st  npid  tbon  Um 
Hpn^—HeuanDKiiU  ISU  la  leoi 


D.  C,  Humphreys.. . 
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1.14 
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0.26 
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JAMES  SIVEB  DBAINAOE  BASIN. 


Ditekargt  MeaturtmtntM  o]  North  {of  Jama)  Siver  near  Qltugoie,  Va, — Con, 
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Wi-ao. 

136' 

;....do 

724 
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HYDKOattAPHY  OF  VIRGINIA. 


D<,as!mith«ght,in 
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North  (o/  Jamei)  Rntr 
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w. 
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2.0» 
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Ito%  tagt  height, « 

ItH,  ol  Norik  (ol  Jamei)  Riotr  near 

aUugov,Va 
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1.9 

176 

23 

286 

IB 

3.62 

162 

2,6 

1  42 

176 

2  14 

126 
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4  01 
70 

IS 
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HYDKOOKAPHY  OF  VIKOINIA. 
Daily  gage  htight,  in  fttt,  of  North  {of  Jamtt)  Rivtr  Jiear  OUugou,  Va, — Coo. 
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JAUE8  KIVER  DKAINAOE  BASIN.  125 

Dttdy  gage  height,  inyttt,  0/  North  (0/  Janut)  Rivrr  ntar  Glaigovi,  Va.,  for  ISBS.—Coa. 
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UYDBOG&APHY  OF  VIBQINIA. 


Daily  gagt  height,  in  jftt,  of  NorOi  [of  Jama)  River  near  Gltufoa,  Va. — Cod. 
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JAMES  BIVEB  DKAINAQE  BASIN. 


Daily  gagf  height,  in  /eft,  0/  North  (0/  Jama)  Rivrr  ntar  Gtatgov,  Va.-Ctm. 
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IfYDBOOK&PBT  OF  VlBOtlTIA. 
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JAJCXa  BIVBB  DS&IHAOX  BASIN. 


Sali»g  labU  for  .Vtirtt  {of  Jamti)  Rivtr  near  Olatgoie,  Va.,  /root  Jatmary  1,  1 

ember  St,  1S9S. 


B% 


D^L 


2.40 
2.60 
2.80 
3.00 


I.S10 
2.070 
2,330 


HrtR.     '    ^'"^"^ 


3.60 
3.80 

4.0O 
4.20 
4.40 
4.60 
4.80 
5.00 
5.20 
5.40 
5.60 


2,610 
2,890 
3,190 
3,490 
3,790 
4,090 


e.oo 

6.50 
7.00 
7.50 
8.00 
8. SO 
0.00 
10.00 


6,020 
I  6,400 
7.420 
8,640 
9,910 
11,400 
'  12,900 
14,430 


lit  item  Ubk  ■  itrKily  ippliobl*  mlr  f<*  opso  duimd  oondiliou.    It  ■  not  inU  Muni 


■^ 


g-^^  D«l-^  HdSu  ^^'^    ;.      A     I  """"^ 


0.30 

200 

1,20  : 

0-40 

210 

1.40  ! 

0,50, 

220 

1.60 

O.M 

235 

1.80 

0.70 

250 

2.00 

0.80 

280 

2.20 

0.90 

310 

2.40 

1  00 

350 

2.60 

l.«W  ; 

4.40 

4,190 

2,240 

4.00 

4,490 

2.500  , 

4.80  j 

4,810 

2.760  : 

5.00  1 

5,130 

3,020  1 

5.50  ! 

6.010 

3.300 

6.00  ' 

6,910 

3,590  ' 

3,890 

,  -  . 

,db,Google 


HYDBOOBAPHT  C 


VIRGINIA. 


H^t.         I"«'»^- 


H^l. 


F«L 

SmhM-i. 

F^ 

Strm«l-l''t. 

f«t 

St^-mi-l^      , 

r>ct 

3u^-M, 

0.70 

260    : 

1.00 

900     ,. 

4.20 

-1,492     ; 

7.60 

11,145 

0.80 

280 ; 

2,00 

1,000     i 

4.40 

4.862     . 

8.00 

12.170 

O.BO 

310  !. 

2.20 

1.206     \ 

4.60 

6.230     , 

8.50 

13.106 

1.00 

350    : 

2,40 

1  ,S25 

4.80 

6.628     ! 

0.00 

14.220 

1.10 

400 

2.00 

1,795 

5.00 

6,030 

10.00 

16,270 

1.20 

460    1 

2.80 

2,100 

6.20 

6,438 

11.00 

18,320 

1.30 

510    ; 

3.00 

2.426 

6.40 

6.846 

12.00 

20.370 

1.40 

580    ^ 

3.20 

2,767     ■ 

6.60 

7.254 

13.00 

22.420 

I.SO 

660  ;; 

3.40 

3,002 

6.80 

7.062     ' 

14.00 

24.470 

1.60 

720    j 

3.60 

3,430 

6,00 

8,070 

1.70 

8O0     1 

3.80 

3,776 

S.60 

0,006 

1.80 

800 

4.00 

4,130 

7,00 

10.120 

Va  ikon  Ubic  n  ttneOf  ippUnl 


H«X 

DiKhURf. 

F^ 

StemJ4-l.    j 

0,5 

125    1 

0.6 

150 

0  8 

200    j 

10 

270    ' 

1  2 

380 

14 

500  ; 

16 

660 

1,8 

840    j 

H^L 


.S«W-M 

z.o 

1  ,020 

2.2 

1.260 

2.4 

1.500 

2  6 

1  .770 

2.8 

2.060 

3  0 

2,350 

3  2 

2,760     ' 

3.4 

3.000 

H^X 

DiKhutt. 

fe 

DkrhiTR. 

FM. 

S«»i^(X. 

Fit. 

SKmd-l^ 

3,6 

3.430 

5.2 

6.438 

3.8 

3,770 

5  4 

6.846 

4.0 

4.130 

5,6 

7.254 

4,2 

4.400 

5.8 

7,662 

4,4 

4,860 

6,0 

8,070 

4  6 

6,236 

4  8 

6.628 

5,0 

6,030 

« (»[  ind  2J)  Int. 


illBstricUyftpplrflUe  only  for  open  th 


itlnDdituns.  It  B  lurir  nU  (Mntd  Im 


,db,Google 


JAUES  BIVEB  DBAINAOE  BA8IK. 


a 

■»*„ 

h"-^.      t^^. 

&. 

DiKhKie. 

A 

DMuwi, 

FmL 

F^       j  &«M<A 

Fi4 

F^ 

&»iAM. 

0.5 

200 

121          615 

i.e 

1,200 

2.800 

0.6 

2S0 

1.3  1          685 

3.0 

1,295 

3,4 

3,110 

0.7 

300 

1,4  1          760 

3.3 

1,500 

3,430 

0.8 

355 

1 .5  1          840 

2,4 

1,725 

3,780 

09 

415 

1,6]          926 

2.6 

1.970 

4,150 

10 

480 

1.7  j       1,018 

2.8 

2,230 

1.1 

545 

1.8         1.105 

3.0 

3,505 

ncib(inI>hltiiBTiiil]yip[Jicafalec(ilrl«op«eluiiMlNiiditiow    Itiibiriy  mlliMatdb* 
Umt  net  bci^  <0a  l«t  the  ntinf  emt  u  i  tuftat,  the  diAnnn  banc  200  ps  Math. 


auiBj  foifc  /or  Norrt  (o/  /oin«)  Bivtr  war 

Glatgoa, 

Va.,  from  January  1  U 

Z)«m6«r 

SI. 

190i. 

£l 

."-»..;       A 

A 

!>«>».«. 

A 

Diiohun. 

/(A 

Suni-M,           FtH. 

Snirf/iri. 

A»-J^«l. 

M 

fta-A^ 

035 

125             1.10 

510 

2,00 

1,240 

3.80 

3.920 

0.40 

142             1,20 

580 

2.20 

1,450 

4.00 

4.320 

0.45 

leO             1,30 

050 

2,40 

1.680 

4,30 

4.740 

0.50 

179             1,40 

720 

2,60 

1,940 

4,40 

5.180 

0,60 

230    1         1,50 

800 

2,80 

2,220 

4,ao 

8.640 

0.70 

265    i         1,60 

880 

3,00 

2,520 

4.80 

0,130 

0.80 

320     ;         1,70 

970 

3.20 

2.840 

5.00 

6.620 

0,» 

380    ■,        l.SO 

1,060 

3,40 

3,180 

1,00 

440    1        l.BO 

1.150 

3,60 

3,540 

IWitmtalill  ■itrictb  uiiilHaU) onl* liriUD 
Hk  diHiv  1K»  ud  lOIH    It  ■  mU  daBiwd  bMwa 


bMwMB  wm  beitfiU  O.Vi  feM  in 


sdbyGoogle 
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JAUE8  BiVEB  DRAIITAOE  BASIN.  1 

Bitimateil  monlkly  ditdutrgr  of  North  (of  Jamt»)  Rivtr  near  OUugov,  Va. — Con. 
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4  HYDEOGKAPHY  OF  VIKOINIA. 

Eilimaled  numthly  Amharge  of  North  (of  Jamei)  Rhtr  near  Giatgov,  V'a.— Con. 
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I  H-EDBOQIUfRT  OF  VimOINIA. 

BwtimaM  mmiM}/  ducAorg*  of  North  (of  Janui)  Biver  near  Otaigow,  Va. — Con. 

DiKiurie  In  ■emid-fHt.  Rii»«fl.  Pnolpitaliin. 

Hsatli.  __    ,  __  ]     __  BecMid-n.;     D^         («>  .         I  Lwaf 


BHMd-n.'     DMh 


t902. 

January. 6.438 

FobniBry 16,680 

SUnA 14,220 

April 3  300  - 

May 580 

July 

Aufust 

SepMmber. . 

October 

November. . 
December.. . 


1,320 


1,666  I  2.00 
2,628     3.16 


4.00 
2.04 


3.15 
2.  IS 
1.60 
3.04 
3.54 
3!  84 
3.10 


2.02 
2.69 


2.87 
3.25 


Theyear. 16,680 


laos. 


43  '  36.36     20.68 


January 

Febniary . . . 

April 

May 

July. 

September. . 

October 

November. . 
December.. . 


10,650 

S85 

2,013 

2.42 

2.79 

62 

4.49 

1.70 
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1,3B5 

3.076 

3.70 

3.85 

71 

5,46 

1.61 
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1.295 

2.788 

3,35 

3.86 

76 

5.14 
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2.014 

2.42 

2.70 

76 
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.92 
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1.33 

.41 
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1.84 

21 

8,71 

6,87 

2,100 

300 

770 

.63 
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6.150 

250 

821 
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41 
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1.33 

.92 
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34 

1.36 

.90 
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1.247 

1.50 

20.13 
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25.23 
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JAICXS  BITES  DBAINAOB  BASIN.  13 

EttimaUd  monAly  duAargt  of  NorA  (0/  Jama)  Rv^tr  luar  Glatgoa,  Va. 

DMun*  in  iMaMl-fMt.  Bm-tS.  PrnqHtition. 


Hoath. 


I 


ShdoiMIJ     Depth 


In 


January. . . 
FabruBiy. . 

UtTcb 

April 

M.T 

July 


U  ,310 
8.370 


846  0,777 
2.556  3.07  I 
1.218     1.47 


October. . . . . 
November. . 


8.370 

616 

1,175 

1.41 

1.83 

38 

4.24 

2.61 
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1.17 

1,31 
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12 

2-56 

2.25 

14 ,310 

126 

747 

.898 

12.10 

38 

31.75 

19.65 

TheyMT... 

EUimaled  monlhlj/  duehargt  0}  North  (of  Jamtt)  River  near  OUugoa,  Va. 


1905. 

Jaoiury 

Pabnikry 

Huch 

««y 

July 

Augutt 

S«pt«mb«r 

Octobar.. 
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The  year 


DbehHRtillHBd-l 

-u 

RaB-oll. 
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.988 

o'5 

(?- 

HYDKOGBAPHY  OF  VIBGINIA. 


JAMES  RIVER  AT  HOLCOUB  KOCK,  VA. 

This  station  waa  established  by  the  Willson  AlumiDUm  Company, 
of  Holcomb  \Rock,  Va.,  in  1809,  in  connection  with  measurements 
to  detennine  tlie  horee-power  available  at  that  point.  During  1899 
the  records  were  fragmentary,  but  at  the  commencement  of  1900 
daily  records  were  taJ^en,  whicli  have  been  furnished  to  the  United 
States  Geological  Survey  tliroiigh  the  courtesy  of  Ueorge  O,  Seward, 
general  manager  of  the  company.  The  gage  consists  of  a  copper 
float,  8x8x8  inches,  with  a  vertical  rod  I'A  inches  square  attached 
to  it.  The  rod,  which  extends  up  through  the  power-house  floor,  is 
graduated  to  tenths  of  a  foot.  The  copper  float  is  enclosed  in  a  12- 
inch  box  which  rests  solidly  on  the  bottom  of  the  river.  The  box  is 
perforated,  so  that  the  water  in  it  will  always  stand  at  the  same  level 
as  the  water  in  the  river,  while  the  float,  being  inclosed,  is  not  in 
danger  of  bein;^  broken  by  floating  timber.  The  fluctuations  of  the 
river  are  read  directly  from  the  rod,  whidi  moves  up  or  down  with 
the  float  as  it  responds  to  the  variations  in  the  height  of  the  river. 

Daily  gage  hright,  in  Jul,  o/  Jamt*  Hivtr  at  Hokomb  Rock,  Ve. 
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JA]£ES  KIVKS  DKAINAOE  BASIN. 
Daily  gagt  hriskt,  in  fat,  0/  Jamti  River  at  HoUomb  Rode,  Va. — Con. 
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HYDBOOEAPHT  OF  VlKaiKU. 
Daily  gagt  height,  in  fett,  of  Jamtt  Rner  at  Hoteotnb  R»ck,  Va. — Cod. 
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JAKES  BITSB  DRAIMAOE  BA81K. 
Daily  gage  hritht,  in  JH*,  of  Jama  Btwr  at  Hvlcomh  Rock,  Vo.-- Con. 


Apf.      SUy.      JuM.     July.      Aiit      Scvt-      Ott.       No.      Orr. 
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HYDEOQKAPHV  OF  VIBOIMIA. 


I  AT '  CABTEHSVILLE,  VA. 


A  gngiiig  station  was  established  January  1,  1899,  by  Prof.  U. 
C.  Humphreys  at  the  highway  bridge  crosaing  the  James  between 
I'embertoB  and  Oartersvitle,  300  yards  from  the  railroad  station 
and  5U  milee  above  Kichmond,  Va.  The  original  wire  gage  was 
attached  to  a  horizontal  gage  rod  fastened  to  the  bridge,  and  wsa 
referred  to  a  bench  mark,  ,tlie  top  of  the  lower  &ai  of  the  fourth 
floor  beam  from  Uie  right  bank,  which  was  32,04  feet  above  the  zero 
of  the  gage.  The  original  wire  gage  was  replaced  by  a  standard 
chain  gage  installed  July  24,  IDOS.  The  length  of  the  chain  from 
the  end  of  the  wei^t  to  the  marker  is  37.98  feet.  Bench  mark 
No.  1  is  a  standard  copper  plug  set  in  the  capstone  on  the  upatreem 
side  of  the  right  abutment.  It  is  inclosed  by  a  ring  of  white  paint 
and  is  marked  by  the  letters  "B.  il.  U.  S.  G.  S.  Hydro."  Its  eleva- 
tion is  31.77  feet  above  gage  datum.  Bench  mark  No.  2  is  a  spot  of 
white  paint  on  the  inner  eyebar  of  the  lower  chord  of  the  bridge, 
under  the  pulley  end  of  the  gage  boji.  It«  elevation  is  32.95  feet 
above  gage  datum.  To  provide  for  readings  over  10  feet,  two  addi- 
tional markers,  respectively  ten  and  twenty  feet  below  the  first,  have 
been  placed.  The  gage  is  attached  tj>  the  timbers  of  the  second  span 
from  the  right  bank  on  the  downstreaju  side,  at  the  same  height  aa 
the  hand  rail.  Discharge  measurements  are  made  from  tlie  loww 
side  of  the  old  wooden  6-8pan  highway  bridge.  The  initial  point  fur 
soundings  is  the  lo«'er  comer  of  the  right  end  post,  downstream  side. 
The  channel  is  straight  f(ir  one-third  mile  above  the  station  and  for 
one  mile  below.  Both  banks  are  high  and  will  overflow  only  at  ex- 
treme flood  staj^.  The  bed  of  the  stream  is  composed  of  rocks 
and  sand,  and  is  quite  permanent.  The  gage  is  read  once  each  day 
by  B.  W,  Palmore,  the  postmaster  at  Cartersville. 
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JAMES  RIVEB  DRAINAGE   1 


1/  Jamts  River  at  CarttrniUt,  Vo. 


a 


F.  H.  Aiuchuti... 


July  16 .  I  n.  C.  Humphreys. . 
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leoo.         I 
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■'rftirr  Keqeht  not  iccuntt 
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UTDBOORAPBY  OF  VIKOINIA. 


agr  heighl,  in  jut,  of  Jama  Rivtr  al  CartertviiU,  Va. 
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Dmly  9^  htitU,  in  fttt,  of  Jamet  Ritrr  at  CarttnwSU,  fa.— Con. 
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HTDBOGRAPHT  OF  VIEQIHIA. 
DaUy  goyf  height,  tn  fetl,  aj  Jama  Rivtr  at  CartenvHU,  Va. — Con. 


Air.      Has.     Jiuk.     July.      Aug.      Svt.      Oct.      Nor. 
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Daily  gag*  Act^,  in  /rat,  of  Jamtt  Riter  at  CarUneiUt,  fr'o.— Con. 
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HYDROOUAPHY   OF  VIEGINIA. 
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Hating  labU  /or  Jama  River  at  Vartertnilk,  Va.,  JTOmJannary  1, 1 89B.  to  December  St,  1S06 
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SitiifMlaJ  nuMlUy  dudtaryt  o/  Jama  River  at  Carttrtvillt,  Va. 
(Dninac*  ■"■>  UB  nun  mOti.) 


Muimuid.     MUiiDum. 


BHsnd-ft.      ritpth 
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HYDBOOSAFHT  OF  VIBOINIA. 
Eslin/iUd  monOUy  diidiaryt  of  Jama  River  at  CarltrtviUe,  Va. — Con. 

Dscluria  in  niKiiid-fwt.  RuD-off.  Tntif 
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Eitimaltd  monJUy  ditehargt  of  Jama  River  ai  CarieriviUe,  Va. — Con. 
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HYDROQRAFHY  OF  VIBOINIA. 
SitimaUd  monMg  ditdiaryt  of  Janet  River  at  CartemiUt,  V'o. — Con. 


DiKhuttilllMUHMHt. 
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1.45 
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14  75 

APPOMATTOX  EIVEB  AT  MATTOAX,  VA. 

Tbis  station  waa  established  August  27,  1900,  by  E.  W.  Myers. 
It  is  located  ou  the  two-span  deck  railroad  bridge  at  Mattoax  station, 
27  miles  southeast  of  Bichmond,  on  tJie  road  to  Danville.  It  is 
equipped  with  a  standard  chain  gage,  which  is  attached  to  the  out- 
side of  the  guard  rail  of  the  first  span  from  the  right  bank.  The 
length  of  the  chain  from  the  end  of  the  weight  to  the  marker  is 
48.80  feet.  A  permanent  bench  mark,  consisting  of  a  United  States 
Geological  Survey  standard  iron  post,  was  established  August  29, 
1903.  This  post  is  set  at  the  northeast  corner  of  the  Mattoax  pas- 
senger station,  with  an  elevation  of  48.68  feet  above  gage  datum. 
Bench  mark  No.  2  is  on  the  outer  upstream  edge  of  the  top  of  the 
upper  chord  of  the  upstream  truss,  111  feet  from  the  initial  point. 
Its  elevation  is  46.60  feet  above  gage  datum.  Discharge  meflsure- 
ments  are  made  from  the  downstream  side  of  the  railroad  bridge 
to  which  the  gage  is  attached.  The  initial  point  for  soundings  is 
the  end  of  the  downstream  guard  rail  at  the  right  bank.  Distances 
along  this  rail  are  indicated  by  white  paint.    The  channel  is  straight 
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JAMES  BJVEB  DEAIMAOE  B.i^lM. 


for  400  feet  above  and  for  100  feet  below  the  station.  The  current 
is  moderately  swift.  The  right  bank  is  high  and  is  not  subject  to 
overflow.  The  left  bank  is  hi(^  but  overfiowe  beneath  the  second 
span  of  the  brid^  at  high  water.  The  bed  of  the  stream  is  com- 
posed of  rock  and  sand  and  is  clean ;  it  shifts  during  and  after 
flood  stages.  There  is  but  one  channel  at  all  stages,  broken  at  ex- 
treme flood  stages  by  the  central  pier  of  the  bridge.  The  sand  bottom 
beneath  the  second  span  is  subject  to  change  in  high  water.  The 
trage  is  read  morning  and  noon  each  day  by  J.  C.  Carter. 


Di»ekargt  meatvrmunU  of  AppomaUta  River  at  lUaltoax,  Va. 
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UYDBOOBAPHT  OF  VIBOINIA. 
Diichargt  tTieaturemtnlt  of  ApptmaUox  River  at  MaUoax,  Va. — Con. 
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Datiy  gagt  height,  in  jtet,  of  Appomattox  fli'twr  at  MaOoax,  Va. 
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DaUn  gagi  Mght,  in  fett,  of  ApponaHox  River  at  Mattoax,  Va.— Con. 


July.   I  Asf.   I  Stpt.  i   0«.      Not.   I   Dec 


^  I  Stpt.  I 


t.i     10  s   !  1  » 


5.5    I    20 


;  I  ;"M 


I  65  ,    30    I    21    I 


SI 

iJ' 

21 

2.7 

M 

2« 

IW 

2«6 

g.o 
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Daili/  gage  height,  in  lerl,  of  Appomatlox  River  at  Matl«ax,  V 


Uu. 

Apr. 

lL,y. 

Ju^ 

JiJy. 

Ai*. 

3^. 

0.^ 

Nov. 

D«i 

10.0      10  0 

J.B 

IB 

1  0 

IK 

25 

36S      2M 

1  25 

?X> 

1  as 

.14.1 

H 

1  0 

1  35 

2S 

t  5    ,200 

3ZA 

H5 

235 

1  25 

2.a 

2» 

1  KS 

3,S 

20 

N. 

1  0 

725 

3.4 

5  7S 

S*       3S 

3U 

»2 

335 

3t 

1» 

1  ee 

22 

S« 

336 

7IHH 

40 

sas 

las 

afiB 

34 

2M 

1  75 

114 

1  0 

11  2 

vt 

7{B 

3  2E 

»o* 

2.01 
1  M 

406 

B.05 

1.45 

17 

1,W 

aM 

224 

40 

1  45 

13  25 

4I& 

1  7K 

1  ,15 

225 

14  0 

4.0 
3H 

33 

R.1 

2  01 

365 
2  15 

!" 

33 

sns 

3.32 

146 

2SS 

«» 

7ai 

till 

23 

1  ,M 

1  »5 

175 
33 

40 

S.8 
O.S 
iiS 

4es 

2.M 

27 
2flS 

1  W 
10  2 

1  5 
33 

1  »5 
40 

IM 

208 

2.0 
1« 

4A 

lAOfi 

2ftS 

3.15 

1  7 

1  76 

Its 

IS 

3K 

to  36 

32 

1  65 

IfiR 

2N 

286 

33 

32S 

2.3S 

aH 

!Wi 

wn 

aM 

2* 

705 

232 

2.m 

It. 9 

3M 

f.V. 

?M 

?M 

1  3 

225 

7  2E 

2.32 

206 

Id 

ISO 

ail 

2  01 

235 

1  55 

1  N5 

2  15 

22S 

1  5 

21 

4JS 

W3 

40S 

S?* 

M.O 

4M 

4» 

1  .1 

1  46 

205 

a.u 

SM 

1  U 

1  45 

1  5 

1  35 

2.0 

I  46 

1  75 

S  IR 

»» 

1  -■» 

IB 

':;i:  :: 

13  B 

'" 

■ 

1  35 

3.05 

IfiS 

20 

!T    i    3S 

4  5S     a  TS 

a.i 

1  ^ 

1  B 

1  15 

OR 

1  ) 

100 

1  44 

*S 

4  2(1 1  a.4 

44J1 

1  5 

1  3 

1  I 

1  11 

1.(1 

awl  31 

905 

1  15 

«5 

1«« 

J7 

afi 

7  711 

2R 

10  3 

235 

1  25 

200 

1  tH 

J  » 

!3B 

1.35 

0 

.85 

1  20 

28* 

1 1 

3  1 

at 

1  30 

874 

27 

2  7B 

lai 

1  40 

7  78 

7  2,1 

75 

«5 

05 

M 

l» 

sn 

7fl 

20G 

1  2fi 

1  41 

11 

12  6 

3  1 

40 

toi 

1  IS 

355 

105 

.83 

1  22 

2W 
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K  height,  in  /erf,  0/  Appomattox  Rivrr  at  Matioax.  To.— Con. 


Ur. 

J«. 

Feb. 

M«. 

.*(». 

M*]'. 

Ju».      Jo 

ly. 

Auc 

8^ 

Oct. 

Nov. 

!>«.. 

IDM. 

J1 

106 

11.2 

2«6 

S.76 

1.75      1 

3 

486 

2.06 

96 

1  22 

240 

a 

.166 

06 

466 

M 

I.U 

u 

1  IS 

42 

3.oe 

L7        ! 

02 

a 

1.64 

l.4» 

2.U 

366 

2.3 

22i 

IS        1 

1 

.92 

t.S4 

180 

li.. .'  . 

2S 

229 

306 

16 

1.16 

1105 

.86 

S.80 

1  15 

85 

3.34 

191 

It 

41& 

6 

235 

s';g 

8 

16  26 

2.S4 

66 

226 

86 

105 

405 

.92 

1.08 

214 

It      .... 
«        .... 

1  G 

45 

2  1 

TO 

1  It 

95 
6 

6.75 

186 

.83 

1.70 
1  66 

2.62 

LOG 

66 

1.76 

LIS 

184 

t.87 

I 

31X 

II  rs 

3U 

2.0 

31S 

1  IS      1 

1 
8 

1-M 

J.76 

IS 

1  80 
1,93 

1.66 

2.44 
1.02 

n  . 

1  96 

1.1G      2 

I.U 

Lsa 

3.86 

a 

38 

IJM 

1.0 

106      4 

8 

1-06 

I  2 

G16 

JS 

96      3 

75 

86 

1  IS 

109 

1  SI 

6<a 

17     .      .   . 

4  25 

1  IS 

S,44 

H 

386 

ITS 

1.96      2 

W 

.76 

1  19 

1.36 

6.30 

11 

1,1s 

126 

106 

4  IS      1 

.76 

105 

1  24 

1  37 

4  09 

» 

1  «t 

.85 

1  65 

1.42 

349 

Jl.           ..     . 

1  U 

385 

IS 

6 

.85 

1.07 

3  74 

iwe. 

264 

1  M 

11  4 

2  81 

2  25 

4.72 

92 

98 

1  08 

.•8 

1  35 

1  42 

JH 

82* 

265 

6W 

92 

.78 

.88 

1  38 

13« 

2.M 

1  03 

3.28       1 

1192 

.98 

1.3 

!62 

660 

2.03 

12.22 

106 

48 

iW 

2.42 

28fl 

198       1 

82 

.68 

1  15 

4  75 

!B2 

S26 

2.15 

425 

■  1 

1.18 

S»6 

4  39 

g  08 

263 

108 

106 

1  35 

1  98 

10  3 

2« 

402 

1.78 

n 

1  15 

1.78 

.88 

1  41 

182 

42G 

2  68 

1  68 

85 

1  1 

2  02 

fi  62 

3GG 

2  28 

58 

1  98 

1  32 

98 

1.38 

686 

28B 

3  3t 

193 

1.42      2 

25 

45 

1  2S 

1  06 

1.28 

798 

IKS 

6.30 

1  32 

1  68 

1.18 

4  M 

10  eg 

1.28      1 

266 

1.12 

9S« 

T4« 

4U 

<IG3 

-03 

4  W 

1  28 

232 

1.32 

2  38 

SIS 

G6S 

1  18 

1  38 

238 

3M 

eoo 

573 

603 

I  08      2 

126 

2»> 

(20 

322 

4  73 

im     2 

26 

I  28 

1.16 

asa 

3.18 

1  IS 

478 

J  Id 

302 

336 

4B6 

32 

2.08 

i  08 

57 

SM 

3  19 

296 

3  IG 

1  38       1 

206 

1  26 

86 

2  83 

2  78 

1  38 

14  6 

4.a« 

2  81 

243 

2 

14 

1. 66 

1  IS 

1.6 

1135 

246 

b't4 

4  76 

268 

1  36 

1  IS 

13  8 

ix 

3.32 

208 

1  62      3 

1    IH 

1  18 

14  7 

IN 

12  S 

334 

235 

193 

2S8      1 

9 

1  1 

1   IK 

1  32 

'■T 

1  8t 

11  3 

132 

1  56 

1  26 

404 

206 

25 

1  68 

3BS 

402 

2.88 

SIR 

1.2«      1 

15 

25 

1,33 

2.M 

2.66 

2, "8 

02 

1  OS 

238 

1  18 

3.10 

1.31 

98      1 

02 

83 

202 

09 

285 

1 

06 

1  26 

1  45 
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Rating  labU  for  ApjtomaUox  RivfT  at  Malioax,  Va,  trom  May  ],  190!,to  DeetmberSI.  190S. 


HfSi. 


FhT 

S««H-t 

.^ 

0-4O 

140 

2.20 

0.50 

150 

2.30 

0.6O 

160 

2.40 

0.70 

170 

2.50 

O.SO 

180 

2.60 

0.90 

IBO 

2.70 

1.00 

200 

2.60 

1. 10 

212 

2.90 

1.20 

224 

3.00 

1,30 

237 

3.10 

1.40 

251 

3.20 

1.50 

265 

3.30 

1.60 

282 

3.40 

1.70 

299 

3.50 

1  80 

•  316 

3.60 

1,90 

333 

3.70 

2,00 

330 

3.80 

2.10 

370 

3.90 

14  DO 

15  DO 

16  00  < 
17.00 


1,920 

18,00 

7 

2,160 

19.00, 

8 

2,380 

20.00 

8 
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JAUB8  BIVBB  DBATNAOB  BASIN. 


Sating  latU  for  ApponaUex  Rmer  al  MaOoax,  Va.,  jrom  Augvtt  t5\l900,b 
y  i,  1904,  to  DaxaAa  SI,  1905. 


A 

V-ii..^    ^ 

at. 

^ 

a. 

D»*««fc 

a 

D»hin.^ 

,^ 

a-mim. 

r«t. 

Sun^/Ht 

FM. 

5«»»M. 

FM. 

SKmM'*-\ 

0.00 

102 

1.80 

274 

3.60 

626 

6.80 

1.736 

0.10 

loe 

1.90 

288 

3,70 

652 

7.00 

1,830 

O.M 

116 

2.00 

303 

3  80 

679 

7.50 

2,037 

0.30 

124 

2.10 

318 

3,90 

707 

8.00 

2,260 

0.40 

132 

2.20 

334 

'4.00 

735 

8,50 

2,492 

O.SOi 

140 

2.30 

360 

4,20 

793 

9.00 

2,730 

o.ao' 

148 

2.« 

367 

4.40 

853 

9.50 

2,977 

0.70 

166 

2.50 

366 

4.60 

916 

10.00 

3.230 

0.80 

165 

2.60 

404 

4.60 

979 

10.50 

3,490 

0.90 

174 

2,70 

423 

5.00 

1,046 

11-00 

3.760 

1  OO 

183 

2.80 

443 

5.20 

1,115 

11.50 

4.010 

1.10 

102 

2.90 

494 

6.40 

1,187 

12,00 

4,270 

1.20 

202 

3.00 

466 

5.90 

1,261 

12.60 

4,530 

1.30 

212 

3.10 

507 

5.80 

1,337 

13.00 

4,790 

1.40 

223 

3.20 

520 

6.00 

1,415 

13.50 

5,050 

1.60 

235 

3.30 

552 

9. 2D 

1.493 

14.00 

5,310 

1.60 

247 

3.40 

676 

9-40 

1,673 

1.70 

260 

3.50 

601 

9.60 

1.654 
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EiHmaUd  monikly  ditdiarge  of  Appomailoz  Biver  at  MaOoax,  Va. 
(Dninace  u«,  746  vpun  nilH.) 


HoximuDi,     MLnimuD] 


1900.  ' 

August  26-31 385 

September 605 

Oclober '  257 

November J  470 

December 1  ,013 

1901.  i  I 

JaoUBry 5,232 

February 676 

March 2,779 

April 7,558 

May I  12.160 

June 935 

July 2.334 

August 6,115 

September 1  .791 

October 1,380 

November 1  ,240 

December '  5.575 

The  year 12.160 


2.09 
2.20 
2.80 


3  20  ; 
I  3.67  . 
I  13.06  ■ 


37     51.50  I  32.43 
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JAMES   KIVKB  DIEAINAGE  BASIN, 
d  monthly  dUchargt  oj  Appomattox  Rivrr  at  Ualtoaz,  Va. — Con. 


j          t)i»h.r(.m««M«L 

i                  R^. 

1 

tltiDEL    1 

M»U. 

1                     1 

m™. 

Stond-IL      Dtplh 

incCtt. 

Ftbraary. . 
U*reb 


Ity.. 


July 

Sepiember. . 
Otlober.  . . . 
N'oTcmber. . 


j  2-70 
'  1.35 


77  I     3  37  ,     0.76 


3.090  I 

224l 

668 

,90 

1,00 

20 

5,04 

4.04 

640  . 

165  1 

277 

.37 

,43 

22 

1.94 

1.51 

1.705  1 

160 

437 

.59 

.68 

19 

3,66 

2.88 

690  1 

150 

246 

.33 

,37 

■u 

2.63 

2.26 

4,065 

212  1 

934 

1.25 

1.44 

1« 

7.60 

6.16 

3,330 

251 

877 

1.18 

1.32 

33 

3.99 

2.67 

4,855 

400) 

1.637 

2.20 

2  54 

71 

3  60 

i.oe 

n.700; 

150  ; 

1,073 

1.44 

19.44 

44 

43,83 

24.38 

1B03. 

Mireh 

.^pril 

^T 

Mj 

September. .  . 

October 

Norember,  . . 


6,395  ' 
7,555  ; 
10  ,410  I 
6,591 
1  ,012  ' 
5 ,315  , 
4.85S  ; 


2.582  ' 
2,592  j 
2.449  : 


5.96.  1.95 

3.36  —.41 

197  1  1.05 

3,70  2  19 

4.14  '  2.83 

6.15  I  5.07 
2.29  i  1.27 
2  61  2  03 
1.31  .69 


51     43  3t  ,  21.41 
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r  OF  vifiaiNiA. 
BatimaUd  monlhly  diteharge  of  Appomattox  Rivrr  at  MaUoax,  Va. — Coo. 


1904. 
January. . . . . 

Febnury 

March 

May 

July 

September... 

October 

November. . . 
December — 

The  year.. 


2,730 
1,620 
3.386 


.... 

aBHHMt 

•q.  mi. 

V 

Per 

sssr 

397 

,533 

.614 

1 

30 

1.290 

1.73 

1.87 

82  . 

I.IDB 

1.49 

1.72 

64 

S69 

.764 

.862 

79  ■ 

696 

.799 

.921 

24 

637 

.721 

.804 

19  ; 

264 

.341 

.393 

10 

339 

.456 

.625 

20 

789 

1.06 

1.18 

49 

193 

.259 

.299 

51 

296 

.396 

.442 

21  i 

662 

.889 

1.02 

54 

36  .  29.60  '  18.9S 


Suintattd  montlUy  ditAarge  o/  Appomattox  Riwrr  at  MaHoaz,  Va. — Con, 


DiwJiMCt  in  iBnuul-ftM. 


ShdhMl         Dgpth 


January 

Febniaiy. . . 
March 

May 

July 

AugUBt 

September. , 

October 

November. . 
IDecember . . . 


2,769 
3.740 


2.260 
2.206 


1.04 
1.08 


Thar 


BOANOKB  BITBB  JtRilHAQS  BASIH.  l» 

ROANOKE  RIVER  DRAINAGE  BASIH. 

DBSCBIPTIOn   OF  BABIN. 

Roanoke  River  rises  among  the  eaatem  foothills  of  the  Blue  Ridge 
southwest  of  the  cities  of  Soanoke  and  Salem,  in  Virginia,  and  flows 
at  first  northeast,  then  southeast  through  Montgomery,  Koonoke,  Bed- 
ford, Campbell,  Halifax,  and  Mecklenburg  Countiea.  At  Clarksville, 
Mecklenburg  County,  Va.,  it  recwves  the  waters  of  its  main  tribu- 
tary, the  Dan  Kiver.  From  this  junodon  it  flows  on  185  miles  south- 
east, into  Korth  Carolina,  and  empties  into  Albemarle  Sound,  a  short 
distance  below  Plymouth,  N.  C.  It  is  navigable  at  all  stages  for  120 
miles  to  Weldon,  N.  C,  where  the  river  crosses  the  fall  line.  The 
area  draining  into  the  Roanoke  River  above  its  junction  with  the 
Dan  is  3,546  square  miles ;  that  of  the  Dan  River  is  3,798  square 
miles.  The  total  area  drained  by  the  Roanoke  River  is  about  9,200 
eqnare  Tniles. 

A  large  part  of  the  area  drained  by  the  Dan  lies  in  North  Caro- 
lina. The  stream  rises  in  Surrey  County,  N.  C,  and  in  Patrick 
County,  Va.,  and  flows  at  flrst  southeast  through  Stokes  Coimty, 
N,  C,  then  northeast  through  Rockingham  and  Caswell  counties, 
N.  C,  and  through  Pittsylvania,  Halifax,  and  Mecklenburg  counties, 
Va.,  to  the  junction  with  the  Roanoke. 

The  rainfall  on  the  basin  above  the  fall-line  is  about  48  inches 
per  annum,  and  is  evenly  distributed  tlironghout  the  year.  The 
average  amount  probably  increases  slightly  as  ^e  stream  is  ascended, 
though  the  records  of  rainfall  over  the  basin  are  too  incomplete  to 
decide  this  matter.  The  slopes  in  the  headwaters  and  in  the  upper 
tributaries  are  steep,  freshets  on  the  river  are  violent,  and  the  fluctu- 
ations of  height  occur  with  great  rapidity.  Rises  of  50  feet  and 
over  have  been  noted  at  Weldon,  and  freshets  in  which  the  rate  of  rise 
is  10  feet  a  day  or  more  are  frequent 

The  United  States  Weather  Bureau  maintains  gages  on  Roanoke 
River  at  Clarksville  and  Weldon,  and  on  Dan  River  at  Danville. 
Gaging  stations  were  maintained  by  the  United  States  Geological 
Survey  during  1905  as  follows :  Roanoke  at  Roanoke,  Va. ;  Roanoke 
at  Randolph,  Va, ;  Banister  at  Houston,  Va, ;  Dan  at  South  Boston, 
Va.,  and  Dan  at  Madison,  N.  C. 

During  the  summer  of  1905  a  survey  of  the  Roanoke  River  was 
made  in  order  to  determine  a  plan  and  profile  and  other  information 
which  would  be  of  "use  in  hydraulic  development  The  survey  con- 
Biated  of  a  line  of  levels  along  the  river,  the  bench  marks  of  which 
served  as  a  base  for  elevations,  and  a  stadia  transit  survey  by  which 
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the  plan  of  the  river,  elevatiooB  of  the  water  surface  and 
topography  were  determined. 

The  level  line  started  at  a  precise  bench  mark  at  Clarksvi 
ended  at  a  precise  bench  mark  at  Rocky  Mount,  a  distance  o 
133  miles.  A  Berger  lO-second  level  and  a  Philadelphia 
used,  the  closing  error  being  0.623  feet.  Permanent  beack 
were  set  every  few  milee  which  served  as  a  basis  for  the  stadi; 

The  transit  party  ran  a  stadia  traverse  as  close  to  the  river 
aible.  The  distances  were  read  on  the  stadia  and  elevatioci 
mined  by  vertical  angles.  Sufficient  aide  shots  were  taken  to 
the  plan  of  the  river,  elevations  of  the  water  surface  were  ti 
least  every  mile,  and  above  and  below  all  falls  and  riffles, 
method  of  carrying  elevations  by  vertical  angles  and  stadia 
to  be  very  satisfactory,  the  closure  upon  bench  marks  of  tb 
line  being  as  follows : 

From  Brookneal  to  Hurt,  a  distance  of  30  milee,  half  of 
was  over  very  rough  country,  the  differences  of  elevation  as 
mined  by  the  transit  was  about  4  feet  frtwn  tJiat  determined 
level ;  total  difference  of  elevation,  150  feet,  number  of  station 
From  Pig  River  to  Roanoke  ("ity,  a  distance  of  50  miles,  the 
differed  from  the  level  by  1  foot;  total  difference  of  elevatio 
feet,  number  of  stations,  300. 

The  azimuth  of  the  transit  line  was  checked  by  observati' 
Polaris,  and  suppl^iiented  by  frequent  observations  on  the  aui 

The  following  table  shows  the  errors  in  azimuth  from  Pig 
to  Roanoke  Cil^: 


m  Obttrvatioru  o 

n  Polarit. 

■i!SS?iit 

HiBUU*. 

29 

...      e  NoaJI. 

After  starting  the  survey  it  was  found  that  the  army  engi 
had  made  plans  and  profiles  of  the  follo^ving  stretches  of  the  i 
(1)  Between  Weldon  and  Clarksville.  (2)  Between  Randolpl 
Brookneal,  and  (3)  between  Hurt  and  Pig  Kiver.  The  resul 
this  work  were  obtained  from  the  War  Department,  and  the 
survey  was  omitted  from  these  portions  of  the  river. 

Gages  for  determining  the  fluctuations  of  the  water  surface 
established  at  various  points  along  the  river  and  from  these 
"■'al  profile  was  reduced  to  uniform  datum. 
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The  Roanoke  River  from  Weldon  to  Roanoke  City  is  some  230 
miles  long,  the  lower  32  railee  lie  in  North  Carolina,  tlie  remainder 
being  in  Virginia.  Along  ite  entire  length  it  flows  through  country 
that  is  fairly  well  cultivated,  the  principal  crops  heing  com  and 
tobacco ;  com  being  grown  mostly  on  the  "low  grounds"  next  to  the 
river,  and  tobacco  on  the  hill  land.  Land  is  worth  from  $3.00  to 
$20-00  per  acre.  The  aoil  for  the  most  part  is  sandy  and  the  heavy 
rains  wash  lai^  quantities  of  sediment  into  the  river,  which  in  high 
floods  is  deposited  over  the  "low  grounds,"  thus  enriching  the  soil. 
The  banks  of  the  river  are  lined  with  a  heavy  growth  of  willows  and 
brush,  which  protect  them  from  scour  in  times  of  flood.  This  heavy 
fringe  of  trees  and  the  immense  fields  of  com  about  10  feet  high 
made  surveying  extremely  difficult,  in  numerous  instances  it  was 
impossible  to  get  within  Y^  mile  of  the  river  with  the  transit 

The  region  is  subject  to  heavy  rainstorms  which  produce  floods 
that  rise  very  rapidly  and  subside  as  quickly.  The  flood  of  1877 
is  th©  highest  known  flood  along  the  river.  Below  is  a  table  of  the 
heights  above  low  water  at  various  places: 

Tabtt  of  1877  Flood  Heights  along  Roanokt  Rivtr. 

,      ,.  DklaBoa  Heighi, 


Sootb  Oaaton 14  16 

Eaton's  Feny 24  18 

Boyd'e  HiU 36  34 

3t.  Tfimm«ny's  Feny. 40  33 

Goode'B  Ferry 44  33 

Tiylor-B  Feny 57  34 

Reld'B  Feny 63  23 

Clukavitle 70  24 

Randolph.  - 95  36 

Cole'flFeny 116  43 

Dearwood  Ford. 182  32 

Above  Smith  Mt.  Gap 190  25 

Lynville  Ford 210  37 

Backwater  Ford 221  28 

The  flood  of  1889  was  about  5  feet  below  the  1877  flood  at  Tay- 
lor's Ferry. 

The  river  is  crossed  by  railroads  at  the  following  places :  40  miles 
above  Weldon;  at  Clarksville;  Randolph;  Brookneal;  Hurt.,  and 
Roanoke  City.  The  Deepwater-Tidewater  Railroad  will  parallel 
the  river  from  the  vicinity  of  Randolph  to  LeesviUe.  This  railroad, 
when  fini^ed,  should  help  develop  the  country  along  ite  course  and 
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should  aid,  hy  fumiahing  a  means  of  transportiiig  madimer 
develop  the  water-power  along  the  river  near  which  the  railroad 

The  roads  as  a  rule  are  poor,  due  to  the  sandy  nature  of  the 
lack  of  care,  and  the  heavy  rains.  In  wet  seasons  they  are  pr 
callj  impassable  in  some  places. 

In  most  cases  where  there  is  a  power  site  there  is  suitable 
for  masonry  and  the  bed  of  the  river  is  suitable  for  foundations 

The  river  is  divided  naturally  into  six  sections: 

I  WeldoQ  to  ("UrksviUe. TO 

2.  Cbrkflville  lo  Randolph 25 

3.  Randolph  to  Brookneal 32 

4.  Brookneal  lo  Hurt 30 

5.  Hurl  to  Pig  River M 

6.  Pig  River  lo  Roanoke. 30  . 

Section  I,  Weldon-Clarksville. — This  section  is  70  miles  li 
total  fall  from  ClarksviUe  is  about  250  feet,  average  about 
to  tlie  mile.  The  river  varies  in  width  from  600  feet  to  130O  i 
batiks  are  low,  the  valley  is  from  l/^  to  1  mile  wide,  bottom  bowI< 
and  rock.  There  are  many  sites  favorable  for  dams  and  mills, 
total  fall  in  the  old  canal  at  Weldcm  is  about  90  feet  in  a  distano 
syn  miles.  At  Eaton's  Falls,  about  14  miles  above  Weldon,  tier 
a  fall  of  12  feet  in  3300  feet.  From  ClarksviUe  to  Taylor's  Fei 
a  distance  of  13  miles,  there  is  a  total  fall  of  55  feet.  The  1 
River  joins  the  Roanoke  at  ClarksviUe. 

Section  II,  ClarksviUe  to  Randolph.- — This  stretch  is  25  m: 
long,  fall  from  Randolph  about  49  feet,  average,  about  2.0  feet  | 
mile.  The  width  varies  from  300  to  600  feet,  banks  low,  botton 
river  bowlders  and  rock,  valley  '/^  to  1  mile  wide.  The  only  lal 
falls  in  this  stretch  is  Tally's  Falls  near  Abbyville,  about  8  mi 
above  ClarksviUe.  The  total  fall  is  some  18  feet  in  a  distance  of  i 
miles,  the  remainder  of  the  river  is  of  comparatively  uniform  sk 
with  an  occasional  fall  of  a  foot  or  two. 

Secfion  III,  Randolph  to  Brookneal. — The  length  of  this  sacti 
is  about  32  miles,  total  fall  from  Brookneal,  48  feet,  average 
mile  1.5,  width  about  400  feet,  banks  high,  bottom  bowldera  a 
rock.     There  are  no  falls  or  ripples  of  any  extent  on  this  Btretci. 

Section  IT.  Brookneal  to  Hurt. — Lengtfi,  30  miles,  total  fnll  frt 
Hurt  is  151  feet,  average  per  mile,  5  feet,  banks  of  medium  hei^ 
valley  Yi  to  \A  mile  wide,  bottom  bowlders  and  rock.  Just  al*" 
Brookneal  there  is  a  fall  of  18  feet  in  1%  miles.  From  Green  Hi 
Ferry  to  Brookneal,  a  distance  of  8  miles,  there  is  a  fall  of  64  fM 
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Section  V,  Hurt  to  Pig  Kiver. — Length,  24  miles,  fall  from  Pig 
River,  72  feet,  average  per  mile,  3,  width  about  ^00  feet,  banks  low, 
bottom  bowlders  and  rock.  There  are  do  falls  of  anj  magnitude 
in  this  section. 

Section  VI.  Fig  River  to  Koanoke. — Length,  52  miles,  fail  from 
fioanoke,  406  feet,  average  about  8  per  mile,  width  about  150  feet, 
banks  low,  bottom  bowlders  aud  rock,  valle;  narrow. 

There  are  several  power  sites  along  this  stretch,  probably  the  best 
being  at  Smith  Mountain  Gap  where  there  is  a  narrow  goi^  between 
vertical  walls  of  rock.  A  dam  at  this  point,  75  feet  high,  would  de- 
velop approximately  2000  horse-power  at  low  water,  this  estimate 
being  based  upon  the  discharge  at  Roanoke  City,  where  there  is  a 
gaging  station,  assuming  that  the  discharge  at  Smith  Mountain  is 
direetJy  proportional  to  the  drainage  areas. 

ROAKOKE  BIVBR  AT   BOAHOKEj  VA. 

This  station  was  established  July  10,  181*6,  by  D-  C.  Humphreys. 
The  original  gage,  of  the  wire  type,  was  replaced  November  28, 
1903,  by  a  standard  chain  gage.  The  datum  is  the  same  as  that  of 
the  gage  which  it  replaced.  The  length  of  the  chain  from  the  end 
of  the  weight  to  the  marker  is  27.50  feet  Bench  mark  No.  1  is  the 
upper  edge  of  the  second  floor  beam  from  the  left  abutment,  down- 
stream side.  Its  elevation  is  21.99  feet  above  gage  datum.  Bench 
mark  No.  2  is  a  standard  copper  bolt  set  in  the  face  of  the  lower 
wing  wall  of  the  left  abutment  about  4  feet  above  the  ground.  Its 
elevation  is  19.71  feet  above  gage  datum.  Discharge  measurements 
were  made  from  the  Walnut  Street  bridge,  at  which  the  gage  is 
located,  up  to  July  21,  1903.  Since  Uiat  time  they  have  been  made 
from  the  Jefferson  Street  bridge,  at  which  the  section  is  more  suit- 
able. The  initial  point  for  soundings  is  the  left  end  of  the  down- 
stream handrail.  The  channel  is  straight  for  500  feet  above,  and 
sharply  curved  directly  below.  It  has  a  width  of  124  feet  between 
abntnient«.  The  current  is  slu^sh  at  low  stages.  The  bed  of  the 
stream  is  composed  of  hard  clay,  overlain  by  a  shifting  stratum  of 
mnd.  The  banks  can  overflow  only  at  extreme  flood  stages.  Crystal 
Spring  overflows  into  the  river  between  the  gage  and  the  i 
ing  Mction.    The  page  is  read  once  daily  by  Richard  P.  Rover. 
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Ditehargt  meaturtmenti  of  Roanoke  fiiwr  ol  Roanoke,  Va, 

„    .  .  Ana  at  Hcu  Guc 

Hydregr^iB.  mtikm.  vdncily.    ;      htigtit. 

SqM. 
D.  C.  HumphreyB. 
...do 

F.  H.  Anaobutt.  .. 


D.  C.  HumphreyB. . 


D.  C.  Humpbreye. . . 


D.  C.  HumphreyH. . . 

N.  C.  Curtia 

D.  C.  Humphreys,. 


E.  C.  Murphy 

....do 

E.  W.  Myers 

.-..do 

B.  S.  Drane 

Paul  and  Sawyer. . , 

W.C.Sawyer 


S,.M. 

«.p.,* 

F^ 
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1,28 

1,21 

474 

434 

3,28 

220 

1.45 

1.30 

157 

,84 

.94 

552 

4,92 

3-75 

Ml 

,80 

.95 

348 

3,23 

2.51 

205 

1,41 

1.32 

150 

.87 

.88 

199 

1.50 

1.30 

318 

2.63 

2,18 

157 

.95 

.91 

177 

,52 

.65 

200 

1  53 

1.28 

331 

,M 

2-20 

576 

4.54 

3.75 

887 

6,40 

6.06 

204 

0-08 

1.06 

158 

0.49 

0.63 

1,077 

6.36 

6.92 

362 

1.94 

2.01 

250 

1.39 

1.40 

250 

1.40 

1.40 

245 

0.59 

1.03 

329 

0,06 

1.35 

265 

0.46 
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KOANOKE  BIVER  DR&INAOG  BASIX. 
Di^ehargt  mtatuTemerUe  of  Roanokt  River  at  Rmmoke,  Va. — Con. 


Gin  Da- 

be^t  dune 
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1 
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129 
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186 
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93 
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1.22  ' 

274 
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Ftb. 
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Daily  gage  hei^,  in  Jett,  of  Raaukt  Rivtr  at  BoaaiA*,  Va. — Con. 
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F*. 

Hu. 
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July. 
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«« 

as 
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22 
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1.66 
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1.6 
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IS 
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10 
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l.SS 
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20 
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1.6 
1.6 

I'u 
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14 
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176 
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1.4 
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1  2 
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.95 
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a 
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.9 

1,0 

1  1 
166 
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-6 
66 

46 
46 

45 

45 
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46 
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,76 
,7 

.7 

7 
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66 
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« 
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i 

et 

6 

es 

68 

W 

8 

6 

E 

2S 
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06 
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Daily  gage  heighi,  in  ftel,  of  Roanokt  River  at  Roanokt,  Va. — Con. 
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ROANOKE  BIVEB  DBAINAOE  BASIN. 
Daily  gag*  htighl,  in  jeet,  oj  Roanokt  Rivrr  al  fiwinotf,  Va. — Con. 
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J-Ji: 

AU^ 

Sn*. 

Oct 

Nov. 

Utt. 

im. 

2  17 

3.8 
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HYDHOOKAPHY  OP  VIKOINIA. 
Daiiy  gage  height,  in  feet,  of  Roanoke  Rivtr  at  Roanoke,  Vo— Con. 
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ROANOKE  KIVEK  DSAINAGE  BASIN. 


Daily  gage  height,  m  fut,  of  Rotmoke  Rivrr  at  Roanokt,  V<t.— Con. 
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HYDROOEAPHY  OF  VIHaiHIA. 


Rating  labU  ]ot  Roanoke  River  ai  Roanoke,  Va..  from  January  1,  U>  December  31,  ISCf 
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ROANOKK  BIVEB  DBAINAOE  BASIN. 

Ettimaled  monthly  ditcharge  of  Roanoke  River  at  Roanokt,  Va. 
(Dnunwe  UH,  388  aquue  mils.) 
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T  OF  VIRGINIA. 
monlUg  ducharse  o/  Roanoke  Rivar  at  Romokt,  Va. — Cm. 
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.386  j      12 
,312           8 

-262  :       16 
.368  !      23 
.514         27 

3.73 

6,49 
2-82 
3,23 
5.03 
3.16 
372 
403 
1.59 
1.62 
1,92 

39 
.20 
-1.00 
1  44 
2.11 
4.23 
2.77 
3.41 
3.65 
,33 
1.25 
1.41 

The  year 

8.508 

74 

63. 

1.64 

21.98 

61 

43,17 

21.19 

sFktimatei  Aucuit  2» 


m  29  und  30,  nut  DtcsnbfT  IS.  19  ind  30.  ISM.  hita 
implftc  month,  April.  IflW, 
29  uul  30.  FtlnvT  H  ud  April  3A,  IgW.  inMtfiolUgd. 


sdbyGoogle 


ROANOKE  RIVEB  DBAINAOB  BABIN. 


E*Umal«d  mmlhljf  dadiargt  of  Rotm^ke  Rivtr  al  Roaruikt,  Vo.— Cod. 


Fabnurj. . 
oMueh.... 

April 

blSij 

Jmw 

July 


September. . 

October 

Kovember .  . 


3,040 

91  i 

3.377 

58 

3,512 

521 

2.580 

263 

1,045 

162 

1.230 

162 

010 

114 

687  I  1.77 


1.72 
2.86 


1.13 
1.71 
1.71 


2.44 
3.55 


5.16  ! 
4.26  ; 


2.12 
2.06 
.46 
2.60 
4.63 
2.44 


2.17 
1.60 


2.072  I 


2,840 


February . 
Hirch... 

April 

JUy 

July 

Aogiut 1    16,860 

SepUmber. 
Oeiober... 
NovMober, 


631 

1.37 

1.68 

48 

3.26 

1,702 

4.39 

4.00 

75 

6.50 

1,466 

3.7S 

4,36 

58 

7.46 

885 

2  28 

2.54 

36 

7.06 

850 

2.21 

2.55 

48 

5.26 

1,926 

4-96 

5.72 

53 

10  72 

454 

1,17 

1.30 

37 

3.52 

1.045 

263 

454 

1,17 

1.30  j 

37 

3.62 

2.22 

745 

181 

267 

.688 

.793' 

92 

.86 

.07 

206 

IGl 

183 

,472 

.627 

61 

1.04 

.51 

13,570 

151 

1.425 

3.67 

4.23 

. 

7.46 

3.22 

870     2.24       30.65    .      55  |  56,20  I  25  S 


*Bn%>  beinniMind  Hv  » 
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IITDEOORAPHY  OF  VIRGINIA, 


EsHmaUd  monlMy  ditcharge  of  Roanoke  Rivrr  at  RoaiuAt,  Va. — Con. 


1902. 

January 

Februaty 

May 

July 

Auguat 

September. . , 

October 

November... 
December. . . . 


2,775  , 
I. DM  ' 


1.045 
1,545 


pw 

(Hit. 

2.01 

2.32 

78 

3.67 

3.82 

76 

2,69 

3  10 

102 

1  40 

1.56 

89 

.660 

.761 

41 

484 

.540 

14 

,369 

.425 

13 

.229 

264 

27 

.201 

224 

0 

.345 

.308 

9 

.616 

.687 

15 

1.46 

1.6S 

69 

1.07 

15.78 

« 

2.96 
5.05 
3.04 
1  76 
1.65 


2.40 
4.36 
4.60 
2.43 


1903. 

January  1-29 3,040  ' 

February  3-28....  I  8,980 

March i  6,550 

April :.  2,972  I 

May 785 

June 1 ,545  I 

July 1,000  I 

August 1,230 

September 6.617 

October 785  ■ 

November 263  I 

December I         237 

oPtrtiiiJInliuii  (m  wmjilfW  nWRlhj.  Jsn 


606 

1.56 

1.68 

a4.08 

154 

2.97 

2.87 

O5.40 

528 

3.94 

4.54 

70 

6.46 

1.92 

190 

3,07 

3.43 

87 

3,94 

.61 

391 

1.01 

1.16 

125 

.93 

-,ZS 

22  I     5.65       4.43 


21  '  3.60  2,88 
34  ,  4.56  3.03 
29       2,14  '    1.53 
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IJOANOKK  BIVKIl  DKAINAOK  BASIN, 
EttimaUd  monOUy  di*cKarge  of  Roanoke  River  at  Roanoke,  Vo.— Con. 

Diachud  in  ■nond-Ii*<.  Run-af.  |       Pnc^iutkni 


1904. 

Februuj. . , . 
March 

M«r 

July 

Sepiember. . . 

October 

XoTcmber. . . 

DMcmber, . . . 


Huimum. 

"""■ 

UCD. 

355 

43 

150 

550 

103 

229 

1.380 

212 

3S6 

355 

115 

202 

985 

196 

292 

1.960 

181 

417 : 

1.380 

103 

264l 

0.387  {    0.446 


2.08 

1,63 

1.90 

1.26 

2,44 

1.26 

2.28 

1.70 

3.44 

2.67 

8.14 

6. 95 

1.6S 
2.81 


BiHmaied  monthly  diteharge  of  Roanoke  River  at  Ronnofce,  fa.— Con. 

Diacluuic  ID  HCoiid-lect  >  Run) 


Second-feM        Diptli 


1905. 

J»Biiary 800 

Febnury 880 

Uwcfa i  2,390  ' 

April 500  ' 

tiaj 3,877  ' 

Jun« 1,390 

oJuljr 8.170  ' 

August 725  . 

September 4 ,633 

October 278 

November 152 

December 3,310 

The  year 8 ,170 

■lolrn  lo  JO.  ItU,  daetuiie  ini<rpotil«d. 


1.10 
1.13' 


3d  by  G  00^  [t: 


182  ILYDUOGOAFUY  OF  VIRGINIA. 

ROANOKB   RIVEK   AT   RANDOLPH,  VA. 

This  station  was  originally  eetablished  August  27,  1900,  b;  £.  \V. 
Myers,  and  is  located  on  the  railroad  bridge  about  five-eighths  of  a 
mile  southwest  of  the  Southern  Railway  station  at  Randolph,  Va. 
During  the  summer  of  1902  the  old  bridge  was  replaced  by  a  new 
one,  a  temporary  gage,  set  by  the  observer,  being  used  during  the 
construction  work;  datum  not  known.  October  13,  1902,  a  new  wire 
gage  was  installed.  The  gage  heights  before  and  after  this  date 
indicate  that  the  datum  was  raised  approximately  2.00  feet.'  The 
present  gage  was  installed  May  20,  1903.  It  is  a  standard  chain 
gage  and  occupies  practically  the  same  position  as  the  wire  gage 
which  it  replaced.  It  is  attached  to  the  upstream  guard  rail  in  the 
middle  of  the  second  span  from  the  left  bank.  The  datum  is  the 
same  as  that  of  the  gage  which  it  replaced.  The  length  of  the  chain 
from  the  end  of  the  weight  to  the  marker  is  43.13  feet.  Bench  mark 
Ko.  1  is  tlie  top  of  the  floor  beam  nearest  the  zero  of  the  gage  scale 
at  a  [loint  0.2  foot  downstream  from  the  adjacent  tie.  Its  elevation 
is  +l.i)7  feet  above  gage  datum.  Bench  mark  No.  2  ia  a  copper  bolt 
set  in  the  capstone  on  the  downstream  side  of  the  left  abutment 
about  3  feet  from  the  end  of  the  ties.  Its  elevation  is  36.99  feet 
above  gage  datum.  Discharge  measurements  are  made  fn>ni  tlie 
bridge  to  which  the  gage  is  attached.  The  current  is  moderately 
rapid  and  has  a  well-distribnted  velocity.  The  channel  is  straight 
for  a  considerable  distance  above  and  below  tlie  station  and  has  a 
widtli  at  ordinary  stages  of  about  400  feet,  broken  by  one  bridge 
pier.  The  bed  is  composed  mainly  of  firm  material  and  is  quite 
permanent.  The  bridge  makes  an  angle  of  about  73°  with  the  direc- 
tion of  the  current.  The  gage  is  read  once  daily  by  J.  E.  Fi^,  the 
station  agent. 
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SOAirOKE  BIVBB  DKAINAOE  BABIK. 


DUeltarge  mtaniremtnt*  of  Soanoke  River  al  Sandoiph,  Va. 


Aagnst  27 E.  W.  Hjrera.. . 

October  31 do 


1.00 
2,75 


Mtrcb  20  . 
April  23-,. 
May  23.  - , 
July  19  . . 
July  25    - . 


E.  GravM .... 
E.  W.  Myere. . 
N.  C.  Curtia... 

E.  Gi»vee 

I    N.  C.  Curtw. . . 
E.  W.  Myers. . 


o7.10 
7.17 
11.25 
b28-2 
14.10 
o4.07 


Aufiut  15 B.  8.  Dtsdc 

Octobw  13 do 

December  5 do 

1903 

H»™h27 E.C.  Murphy... 

Mfty  20 E.  W.  Myere. .  . . 

June  24 do 

June  24 do 

Anguat  8 B.  S.  Dnne 

AiigtiBt28 do 

Aufiut  28 :do 

September  25.. . .    Paul  A  Sawyer. . 
Decembers j   W.C.Sawyer... 


2.464 
1.068 


2.4Q 
2.80 


3.21 
2.83 
2.49 
2.46  ' 
2.57  ' 
2.20  1 
2.25  I 
2.43 


9.16 
13.47 


Jttoe  22. F.  H,  Brundage.. . 

Sepl«iDber  27.. . .     R.  H.  Boblcr 

October  22 do 


4.47 
2.70 
2.92 


Uarchll !   A.  H.  Horton 

July  23.. [   Grover  and  Horton.. . 

September  7.... j  R.  H.  Botater. 

■Gw  Mdit  dDablfnL 

in.1  H  (Hit  Cor  I«OS  to  IWt  ntim  labk  w  » 
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llYDltOGRAPHY  OF  VIRGIKIA. 


Daily  gage  hingkt,  in  feel,  oj  Roanoke  River  al  Randolph,  Va. 


Vty. 

J.„. 

F.h. 

Mu. 

Apr.   1  Sby.  1  J»«. 

My-  1  Aug. 

S(pl. 

0.1..,.'^ 

im 

i 

1.0 

.75 

.7S 

1  0 

.8 

.6 

3 

6.9 
33 

1.8 
136 

1.4 
136 
2.S 
2,0 
16 

1  SS 

81 
00 

6.1 
48 

4.0 

39 

3.9 

53 

7.7 

6.3 
46 

13    '2.6 
135      25 

I 

4S 

22.8 
13  0 

«3 

43S 

92 

92 

;:;■;; 

IS 

13B 
4  IS 

40 

SS5 
40 

36 

4.1 

156 

1.65 

156 

2.06 

2.06 
1.4S 

SO 

43 
4.0 

3.n 

366 

3.S6 

87 

3.5 
34S 
34S 

295 

2S5 

2.5 
245 

2.3 

71 

336 

23 
2.25 

2  26 

336 
335 

S3S 

3.35 

33 

33 

33 
33 

34 

335 

3  3 
3K 

33 
33 
325 
3Z6 

5 

6 

S7 
SO 

53 

38 

39S 

39 

B.8 
11 



lis 
10  s 

9 

ii 

ass 

3  3A 

29 
3B5 

no 

33 
32 

iS 
4t 
435 

IS 

IB 

18     

SO    

3.9S 

305 
30S 

19  4 
3.9S 

ss 

SIS 

38 

SS 
43 

3,9 
3.3 

63 
75 

34 
3^ 
325 

3.1 

228 

6S 

13  6 
87 

80 

91 

76 

30 
30 

89 

24      

27      

37 

57 

38 

30      .     ...-* 
IMI. 

S 

6 

0 

12 

14 

IS 

18 

21 

22 

3S 
33 
395 

34 

6.1 
62 

38 

41 

38 
90 

10  9 

8.8 

5,1 

3d  by  Google 


BOANOKE  BIVER  DEAINAOE  BABIN. 


Daily  gage  heighl,  in  feet,  of  Roanokt  River  at  Randolph,  Fa. — Con. 


S  4      Mb      i U 


fi  1     '    7  7      IS. 8 


■Rirv  fisKO  Juiiury  U  uid  It.  IKB. 
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UYDBOGKAPHT  OF  TIBOINlA. 
!y  gage  height,  in  jett,  of  Raancke  River  at  Randolph,  Va.— Con. 


.   Jn.       Fib.  ,   Hit.  .   Apt.      Hiy.  i  Jun 


July.  I  Au(.  I  Sifil.      OcC 


.7S 

128    '    I 

11.45      C 

.2        69        5 
i        S.4    1    4 

.0    '    e!o    1    3 

.0        6.7        7 

i'  i 

8    j    i 
0    i    I 

7 
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BOAKOKE  RIVEB  DRAINAGE  BASIN. 


Daily  gage  htighl.  in  /eel,  o/  Roanoke  River  at  Randolph,  Va. — Con, 


Jul.       Fib.       an.      Apr.      U>y 


July.      Au(.      Sqit.      Oct.      Nov.      D«. 


6.2       14        8  8S      3 


i3  2      10.2       S  2 


S8      S.7        3. 87      3.5 
.48      fi.t        3  77      3  6S 


4.1        S  IT      3.e 


gS  4.23  3  33  37b 
28  4.33  3.3  3  OS 
06      4  43      333      3U 
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HYDROGRAPHY  OF  VIRGINIA. 


I  StptenAtr  1, 1900,  to  Dteemhtr  SI . 


Qan 


Guc 
HrigliL 


Ht^L 


F^ 

Sitmd-ted. 

f«. 

SwmtM 

Ftit 

f«t 

SeatHM. 

0.40 

1,145 

3.20 

2,690 

6.00 

5,050 

10,00 

9,750 

0,80 

1,205 

3.40 

2,830    , 

9.20 

5,260 

10,50 

10,400 

0-SO 

1,270 

3.60 

2,980 

6.40 

5,4S0 

11,00 

11,050 

1.00 

I-.350 

3.80 

3,140 

6.60 

5,700 

11,50 

11,750 

1.20 

1.430 

4.00 

3,300 

6.80 

6,920 

12,00 

12,500 

1-40 

1.515 

4,20 

3,460 

7.00 

6,150 

12,50 

13,250 

1,60 

1  .615 

4,40 

3.620 

7.20 

6,380 

13,00 

14.000 

1,80 

1.730 

4,60 

3,780 

7.40 

6,610 

13,50 

14,850 

2  00 

1,850 

4.80 

3,940 

7,60 

6,840 

14,00 

15,750 

2,20 

1,990 

5.00 

4,100 

7,80 

7,070 

14,50 

m.e.'io 

2,40 

2,130 

,        5,20 

4,270 

8,00 

7,300 

15,00 

17,600 

2.60 

2,270 

5.40 

4.450 

8,50 

7,900 

2.80 

2,410 

5.60 

4,640 

9,00 

8,500 

3.00 

2,550 

5  80 

4,840 

9,50 

9.125 

RrUin^  labU  for  Soanokr  River  at  Randolph,  Va..  from  Jannary  t,  to  Octc^rr  It,  ISOl. 


2,290 
2,400 
2.560 


2,720 
2,880 
3,040 


SatmttKl. 

4  ,570 

4,760 

4,950 

5.160 

5,370 

5,580 

5,7M 

6.000 

6,625 

7,250 

7,875    1 

100 

10.5 

11,0 

11.5 

12.0 

12.5 

13.0 
13.5  ' 
14.0 
14.5  1 
15.0  1 


fe  talilo  w  Btnotly  applira' 


3d  by  Google 


ROAMOKE  RIVF.R  DKAIKAGE  BASI?J 


Rating  labU  /or  Roanoke  Siver  a 


n  October  13.  1902,  I 


HcSft 


H^ii^t. 


p^  1 

S«miM.  ' 

F>a. 

;.  j 

Stnmd-ftd.  i 

F^ 

SBmJ>t 

3.4 

1  ,310    1 

4,7 

2,270 

6,0 

3.310 

9  5 

6.540 

3.5  ' 

1.370    1 

4.8 

2.350 

6,2 

3.470     1' 

10,0 

7.060 

3.6  , 

1.435 

4,9 

2,430 

6,4  j 

3,930     i 

10  5 

7.610 

3.7 

1,500 

5,0 

2,510 

6.6  ! 

3,790     1 

11.0 

8.180 

38 

1.570 

6.1 

2.590 

6.S 

3,960     1 

11.5 

8,720 

3.« 

1.640    ■ 

6.2 

2.870 

7.0 

4,140 

12,0 

9.320 

4.0 

1.715    i 

5.3 

2,750 

7-2 

4,320     ' 

12,5 

9.920 

4.1 

1.790    1 

6,4 

2,830 

7.4 

4,500 

13,0 

10,520 

4  2 

1,870 

5.5 

2,910 

7  6 

4.680     ,, 

13,5 

11.120 

4.3 

1.950    1 

5.6 

2,990 

7,8 

4,860 

14,0 

11.720 

4  4 

2.030    j 

5.7 

3,070 

8,0 

5.040     1 

14,5 

12,330 

4.5 

2,110    ' 

5.8 

3,150 

8,5 

5,540     [ 

15.0 

12,980 

4  6 

2,100     ■ 

5.9 

3,230 

9  0 

6.040     i 

Rating  labU  /or 

nix.    "-^ 


2.90 
3  00 
3.10 
3.20 


'LdlyappUcshLeonlv  for  op«n  chujiel  muilitiDiui.    It  iaboA^unon  II  di^li.ir^  mwuremeiiU 
190.'^.    It  H  fairiy  wfil  dfdned  betu'een  gift  hriglil»  3.G  fert  and  14.0  (c«l. 

ioanokf  RivtT  al  Randolph,  Va.,  from  January  I,  to  Drcemlier  31,  l!fH. 


4.40 
4  50 


4  00 

5  00 
5,10 


™i,rf.;rrf.   1 

F«l-       , 

SmmJ-W. 

FM. 

S^onJ-M 

1 ,620    [ 

5,30 

2.775 

7.40 

4,720 

1,700    j 

5-40 

2.860    ' 

7.60 

4,920 

1.780     1 

5,50  ■ 

2.950    1 

7.80 

6,120 

1.860 

5.60 

3.040    1 

8,00 

5,320 

1,940    , 

5,70'. 

3.130 

8,50 

5,820 

2,020 

5.80 

3.220    , 

9,00 

6,340 

2.100     1 

5.90 

3.310 

9,50 

6,865 

2.180    1 

6.00 

3.400    ', 

10,00 

7,390 

2.265 

6.20 

3,580 

10.50 

7,915 

2.350    ! 

6.40 

3 ,770     ■ 

11.00 

8,-140 

2. 435     i| 

6.60 

3 ,960     ' 

11.50 

8,HS0 

2.520    1 

«.80. 

4,150 

12,00 

9  ,.530 

2.605    11 

7.00  ' 

4,340 

lie  u  atricUy  ipplic&blF  only  fof  own  cliannd  <viTidit 
n  to  1904.  JniHuaive.  It  is  weU  ieSutd  iMmn  r-i 
Oia  htighti  4.0  r«t  and  14-0  fnl. 


3d  by  Google 


HYDBOGJIAPIIY  OF  VIEOINIA. 


Rating  table  for  Roanoke  River  al  Randolph,  Va.,  from  January  I,  U>  Dectmher  SI,  ISOS- 


.* 

Di..W. 

^. 

DiKhute. 

A 

TimbMrtc 

A 

.^ 

pKt. 

S^od^ 

F^ 

S>c«i-t^ 

F^ 

/'•rt. 

S«J^ 

3,00 

920 

4.30 

1,870 

5.60 

2.050 

7,80 

4.980 

3,10 

985 

4,40 

1,950 

5.70 

3,036 

8.00 

5,180 

3.20 

1,050 

4.50 

2,030 

5.80 

3,120 

8.60 

5,680 

3,30 

1,120 

4-flO 

2,110 

5.90 

3,205 

9,00 

S,I90 

3-40 

1,190 

4,70 

2,190 

6.00 

3,290 

9.50 

«,715 

3.50 

1,260 

4.80 

2,270 

6.20 

3.470 

10,00 

7,250 

3,60 

1.330 

4.90 

a, 355 

6.40 

3,650 

10.50 

7,800 

3.70 

1.40G 

5,00 

2,440 

6.60 

3,830 

.11,00 

8.350 

3.80 

1.4S0 

5.10 

2,525 

6.80 

4,010 

11.50 

8,900 

3,90 

1,555 

5  20 

2,610 

7,00 

4,200 

12.00 

9,470 

4.00 

1,630 

5.30 

2,e05 

7.20 

4,390 

12.50 

10,050 

4.10 

1,710 

5,40 

2.780 

7.40 

4,580 

13.00 

10.650 

4.20 

1,790 

5.50 

2,865 

7.60 

4,780 

13.50 

11.250 

EilimaUd  monthly  diechargr  of  Roanokt  River  al  Randolph,  Va. 


al900. 

September 8,625       1 .120  '  1,878  .61 

October 17,900       1.350  2,597  .84 

Noi'einber 13,100       2.025  2,038  .96 

Dtcember 18,600       2,550  3,944  1.28 

■FMiuuui  lot  igm  toiai-lrriLU^  in  cmw. 


14  4.99  4.31 
25  3,81  2.84 
34       3.15       2.08 
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BIVEK  DBAINAOE  BASIN. 
monlUy  dUcliarge  oj  Roanoke  River  at  Randoiph,  Va. — ('oi 

Dacliuic  in  Hnmd-fsct.  I  Run-off.  Vn 

]-. -, ^ 1 


alQOl.  I 

Januar}' .:  35,9S0 

Febnuuy ,  3 ,860 

M*rch 14,8S0 

April 38,910 

M»y 37,940 

June B  ,750 

July 27,180 

Augiut 44 ,380 

September 6,955 

October 6 ,725 

November 5,260 

December 75,100 


Tbeye«r  , 


61002. 


75,100 


'^Janiuuy 26 .200 

February 51,060 

Uvch 40,600 

April 10.120 

Maj 4,950 

July 

September 
October.  . 
November 


24,450 


5,370 

2,720 


Pa 


2,550 
2,410 
2,340 


6,362 
2,948  j 

4,000     ; 

g.620 


2,690 
2,620 
2.620 

2,795 
2,725 


13 

8,148  2.65 
4,759  1.55 
6,259  2.03 
13,185  ;  4.29 
3,998     1.30 


09 


3,346 
2,984  , 
9,621 


6.1S6     2.01       27,59 


2,800  5.388  1.7 
2.880  10.290  3.3 
3.600       8.616     2.8 


2,400 
2,070 
1  ,580 


1.43 
I  1.06 


1,844 
4,845 
2.551 


In 


5.09 
11.21 
3.29 


2.65 
3  17 
2.78 
2.76 
6.27 
1.84 


5.24 
3.14 
1.84 
2.24 
3.98 
2.68 
2.40 
2.66 
5.54 
3.05 


1.02 
2  65 


I  99 

3.72 


December. 


14.550       2,270       5.349     1.74 


50     39.74     19.80 
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HYDBOORAPHY  OF  VIBOIITIA. 
monOiiy  dUeharge  of  Roanoke  River  at  Randolph,  Va. — Con. 


February. . 

March 

May 

July 

August 

September. 
October. . . 
November. 
December, 


23,860 

2,590 

6,123 

1,99 

2.29 

44,200 

3,710 

8,675 

2.79 

2.90 

44,6S0 

3,915 

11 ,010 

3.68 

4.13 

14,050 

4.320 

7,041 

2.29 

2.5G 

4,500 

2,590 

3,370 

1.10 

1.27 

9,200 

2,430 

4,U7 

1.35 

1.61 

4,950 

1,500 

2,445 

.79 

.91 

9,680 

1,310 

2,712 

.SS 

1.01 

13,420 

1,570 

3,273 

1.06 

1.18 

4,410 

1,500 

2,101 

.71 

.82 

2,510 

1,600 

1,841 

.60 

.67 

2,430 

1,570 

1,940 

,63 

.73 

4.35 
5.63 
6.49  , 
4.41  : 


Theyi 


44.550       1.310       4.556 


1904. 

January 

February. . . , 

May 

July 

August 

September . . . 

October 

November, ,  . 
December 


3.770 
4.435  . 
6,720  ■ 
9,750 
5,420  I 
6,760 
3,770 
1,230 
2,435 
2,690  i 


1,640 
1,540 


■2,087 
3 ,667  . 
2,787 
2,224  ! 
2.93B 
3,397 
2,117  I 
2.899 


2.19 
2.21 
2.51 

1,46 
3,42 
6,98 


1,95 
2,94 


The  year, 
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BOATIOKE  BIVEK  DRAINAGE  BASIN. 


Bttimated  monthly  ditdiarg 

HootL 

HHimum. 

Minimum. 

Mud.              per 

1        ■).  DU. 

iBdwi. 

1905. 

oJuiuuy 10,530 

Febniwy  22-28 9 ,686 

Mtrch 9 ,010  ' 

April 5,380 

TUy 9,470 

June 9,470 

July 28.960 

August 6,750  , 

September 23 ,940  | 

Oelober 3 ,335  ■ 

November 1 ,518 

29,740 

I  Juiuiy  2Stli  to  310.    No  mrrKtion  mid 


1,060 

2,773 

.901  ! 

1.04 

7 ,470  i 

8,497 

2.76    ■ 

.718 

1,960 

4,601 

1.50    ' 

1.73 

1,665 

2 ,576  j 

.837 

.934 

1.630  j 

3.974 

1.29 

1.49 

1.260  ! 

2,891 

.940 

1.05 

2.508 

6,485 

2.11 

2,43 

1  ,710  1 

3.083 

1.00 

1.15 

1,030 

3,213 

1.04 

1.16 

BOASOKE    BIVEB,  ABOVE    JUMCTION    WITH    DAN,  AT   GLAEK8VILLE,    VA. 


This  station  was  established  October  28,  1895,  and  discontinued 
February  26,  1898.  It  was  located  at  the  Southem  Railroad  bridge 
about  1,000  feet  above  the  mouth  of  Dan  River.  A  wire  gage  was 
attached  to  the  inside  of  the  guard  rail  in  the  fourth  pan^  of  the 
third  span  from  the  right  bank.  The  length  of  the  wire  from  the  end 
of  the  weight  to  the  marker  was  33.00  feet  A  bench  mark  was  es- 
tablished on  the  top  of  the  third  floor  beam  of  the  second  span  from 
the  ri^t  abutment  at  the  upper  end ;  elevation  37.40  feet  above  gage 
datum. 

About  four  miles  above  the  junction  of  the  Dan  and  the  Koanoke 
Rivers  ia  a  cut-off,  apparently  occupying  an  old  channel,  diverting 
water  from  the  Dan  to  the  Roanoke.  The  banks  are  10  feet  high 
and  about  225  feet  apart.  At  its  mouth  is  a  shoal  or  riffle  about  70 
feet  long,  the  water  being,  on  December  4,  1895,  about  one  foot 
deep  and  having  an  estimated  velocily  of  approximately  3  feet  per 
second,  giving  a  total  discharge  from  the  Dan  to  the  Roanoke  of 
200  second-feet.    The  total  fall  between  the  two  rivers  was  estimated 


HYDBOOBAPHY  OF  VIHGINIA. 


to  be  approximately  2  feet,  this  being  principally  at  the  riffle  at  the 
mouth  of  the  channel.  The  total  length  of  the  channel  was  about 
1,000  feet  Thia  cutroff,  by  carrying  water  from  the  Dan,  vitiatee 
the  separate  computations  of  discharge  made  at  the  stations  below, 
but  does  not  affeot  the  total  dischai^  for  the  Roanoke. 

The  weather  Bureau  maintained  a  gage  on  the  Boanoke  at  Clarka- 
viile,  Va.,  below  its  junction  with  the  Dan,  from  1891  to  1896,  in- 
clusive. 


DUekarge  mea 

iw  jundion 

HCtiw. 

«>Uh  Dan. 

at  CUtrk-nOe.  Va- 

DUt. 

JS,. 

A 

.S.. 

1898, 

St-ft- 
SM 
669 

917 

1.256 
1,401 

1,890 
723 

7,250 

2,838 
610 

992 

0.97 
1.31 
1,25 

1.58 
1,39 
2.25 
1,03 

4.03 
2.93 
1  25 

1.97 

—0  07 
0.28 
061 

3,43 
3  20 
4.70 
2.00 

11.95 

3.67 

-0,25 

0,70 

SK.-I1L 

i...do 

!    do 

1896. 

July  15 

'...-do 

4.252 
748 

1897. 

K-  W.  Myers 

29,260 

8  326 

Septemher29... 
189S. 

....do 

763 
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BIVEB  DBAINAOe  BASIN. 


DttUy  gage  lieighl,  in  jtel,  oj  Roanekt  Riter,  niow  pmiion  viifk  Dan,  al  ClarkniUe,  Va. 
Dw.  Jno.       FfU       Mar.      Apr.      »•«■-      la"i.     July.      Au*.      Stpi,      ft*      No*.      Dm. 
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HTDBOGBAPHT  OF  VIBOIWIA. 


i  Fik  .  Htt.  :  Apr.  '  H^.     Juh.     Jnlr. 


Ai«.   :  Stfit.      Oct.      Not.      Ok 


s.« 

tm 

3.3G' 

4.£t 

1.J3 

4.0 

S.TS 

t.n 

4.92 

s.a  i 

uu 

3. as  I    SM  I    1. 


1     1 

Ifi 

:{.2e'   2 

»    i 

Wt      if 

3  OK  ;    2 

«6      Z 

f 

i.ee     1 

U      2 
S        1 

ssl 

7.0B      2 

S.l        2.42      2.«     I.M 


17  !    2.U      I  M 


.    2.7S'  3.8  2.25  1.8    I  1.18  ,  1,0    '. 

'    2. 78  I  4.1    I  2.11  1.88  2. 48  |  .98  .. 

I    3.74  I  4.B2|  2.06  I  1.8    |  4.72  .96  '. 

1.74  3.88  .  l.M  1.7    '  4.3  1.03  ! 

2.78  2.88  2.88  1.92  2.7  1.11  | 

2.77  3.23  4.02  2.83:  2.82  ,  1.09 


1.6  2.1  4.1 

I    3.M:  3.8    !  4.35 

3.88  2.88'  8.16 

2.88  2.88  ;  4.37 


8.07      2.S6,    3.1. 


3.86  ,    6.07      2.77 


I.I4  I  12.04  I    2.08 


31  '  .2     - 

28  .  ,0    — 

u\  l- 

1  i  .0    - 
06  I  .0   !- 

08  .0  :- 

09  .0    '.— 
4  .0     - 

46  .0     + 

11  .0 

29  .0 

14'  0 

2  .0 

28  I  .0 

4    I  .0 

80  !  ,0 

«S  :  .0 

71  .0 

34  j  ,0    1 

48  I  .0    [ 

4  '  .0 

3  I  .0 

16  I  .0    I 

"!":?' 

5  -.28  1 
S    '  —.28  . 


nII(a]BlrS.lR9T.Bani 
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ROA»pSE  BIVBB  DKAINAOB  BASIIf. 


DoQy  gagt  ludght,  in  Ittt,  ol  Roanoke  River,  abovt  janction  with  Dan.  at  darkniUt,  Va. 
Continued. 

D*y.              Jul       Feb.      Hu.      Apr.      Hay.     Ju».  '  July.      A<i«.      S«p(.      Oct.       No.      Dm 

1M& 

11 

JS        ,8    

DAN   BITEB  AT  SOITTH    BOSTON,    VA. 

This  station,  which  was  eetablisbed  on  August  27,  1900,  by  E. 
W.  Myers,  is  in  the  town  of  South  Soeton,  Vs.,  on  the  railroad 
bridge  of  the  Norfolk  and  Weatem  Railroad,  which  croesee  the  river 
at  that  place.  On  May  18,  1903,  the  wire  gage  was  replaced  by  a 
standard  chain  gage  referred  to  the  same  datum.  The  gage  is  located 
(HL  the  downatream  guard  rail  near  the  center  of  the  first  span  from 
the  left  bank.  The  length  of  the  chain  from  the  eaA  of  the  weight 
to  the  marker  is  35.02  feet.  Bendi  mark  No.  1  is  the  sharp  inner 
eomer,  toward  the  left  bank,  of  the  plat«  attached  to  the  inner  sur- 
face of  the  struts  at  the  center  of  the  left  span  and  furnishing  bear- 
ing to  the  wooden  floor  beam  and  tie.  The  elevation  of  the  top  of 
the  plate  is  32.88  feet  above  gage  datum.  Bench  mark  No.  2  is  the 
top  of  a  standard  copper  bolt  set  in  the  capstone  of  the  abutment 
of  the  viaduct  by  means  of  which  the  Southern  Railway  crosses  the 
highway  a  short  distance  upstream  from  the  Norfolk  and  Western 
and  Southern  Railway  crossing.  Its  elevation  is  30.68  feet  above 
gage  datum. 

Discharge  measurements  are  made  from  the  bridge  to  which  the 
gage  is  attatdied.  The  initial  point  for  soundings  is  the  left  end  of 
the  downstream  guard  rail.    This  is  a  very  good  station  for  ^e  gag- 
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HYDKOORAPHY  OF  VIBOIHtA. . 


ing  of  all  except  the  very  highest  stages  of  flow.  At  extreme  heights 
the  river  spreads  out  over  a  flood  plain  of  considerable  width.  The 
trestle  connecting  the  bridge  with  the  embankment  on  the  south  side 
of  the  river  is  a  curve  of  rather  high  de^ee.  The  bed  of  the  stream 
is  of  eoflrso  sand  and  shifts  slightly.  The  gage  is  read  twice  daily 
by  J.  K.  Eaat. 

Ditckargt  m«<Mlir;nicnt«  of  i)an  River  at  South  Boilon,  Va. 


August  27 K.  W.  Myers.. 

October  31 do 


1901 

January  15 K.  C.nves 

March  28 E-  W,  Myers 

April  22 ^.  r.  Curtis 

May  24 K.  Craves 

July  23 E.  W.  Myers 

November  25...  .  J.  R.  Henderson.. 

1902 

July  9 B.  S.  Drane 


Octolier  13 do.. 

December  5 do. . 


March  27 E.  C.  Muiphy   . . 

February  IS B.  8,  Drane 

May  18 E,  W.  Myers.  ... 

May  19 do 

June  23 do 

June  23 do 

August  8 B.  S.  nrane. 

September  18 do 

August  27..   do 

August  27 do  

September  25.. . .     Paul  and  Sawyer 
December2        .     W.C.Sawyer     . 


S*.  M-       FLptrm 


1.856 

2.39 

5-79 

4,«7 

3,866  : 

2.97 

11.50 

11,490 

3,585 

2.64 

11-65 

9,479 

2,530 

3.38 

22.50 

42,410 

1.625 

1.50 

3.36 

3,064 

1,001 

1.33 

1.68 

1,333 

2,683 

2.56 

7.95 

6,864 

3,237  , 

2.84 

8.90 

9.107 

3,274 

2.26 

8.10 

7,393 

1.S20 

3.73 

22.46 

43.040 

1,532 

1.93 

3.01 

2,958 

1,551 

1.81  ■ 

2.94 

2,801 

1,809 

1.S8 

3.59 

3.044 

1,837  , 

1.71 

3.67 

3.136 

1,519 

1.66 

2.62 

2,378 

3,309 

2.84 

8.78 

9,411 

1,220 

1.15 

1-39 

1,401 

1,225 

1.13 

1  44 

1.389 

1,027 

1  48 

1  40 

I.5I9 
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ROANOKE  BIVEH  DEAINAOK  BASIS 


Diadiargt  mtanremtnit  oj  Dan  Rivti  al  South  BoiUm,  Va. — Con. 


Am  of 

«l.dty. 

a 

chu^ 

*.*-<. 

n.p»m. 

*■•«. 

te-M- 

1.M2 

1-57 

2.68 

2,422 

3.820 

2.85 

10  82 

10.890 

1.152 

1.20 

1-22 

1,385 

1.016 

0.89 

0.74 

904 

2.498 

2.34 

6  38 

5.853 

1.514 

1.72 

2,71 

2,610 

1.2S0 

1.35 

1.78 

1.734 

1004- 

June  21 F-  H.  Bniodage 

Sepicmber  15.- . .    R-  R.  Bolner 

September  28 do 

Oetaber20 J.  C  Hoyt 

1905. 

lUrch  11 A.  H.  Honon 

July  22 N.  C-  Grover 

September  8 Bolater  and  Winter.. . 


DaUy  gage  heighl.  m  feet,  oj  Dan  River  iti  SoulK  BoUon,  Va. 


Ftb.      Mar.      A]ir.      Kay.     IjUK.     July.      Au*.      Sept.      Oct- 


M      1.3        l.i       8  0 


IS      Z.3        ID        31 


t.3       2.0        l.e       I.I 


13        l.i       33 
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HYDBOQBAPHY  OF  VIBOINIA. 
Daily  gagt  heigkt,  in  fett,  oj  Dan  Rivrr  at  SwA  Botton,  Va. — Con. 

Jul       F(b.       Uir.      Apr.      M>y.      Judc.     July.      A«      SqX.      Oct       No*.      Dk 


2.2      I8.3t      3. 


2  3        BH      22. 


2        3.G  2.S        3.05  3 

2        3.4  2B  10. IS  3 

1  I    3.2  :.)  18.25  3 

1        3.3  3.0  21  .Z  3 

n        3.0  a.O        B.O  I    3 

0  23  3.0  j  t  2  3 
D  2  7  39  4.e  S 
n  2.«  3.0  0.1  S 
6.      2.8  3.0  13.05  3 

1  2.8  IB.O  IT. I  3 

2  2.7  21.1  18.BB  2 
0  2.e  1».0  15.0  2 
0  I  2.T  '  IB.O  10.4  a 
D  '  2.7  lO.O  10. S  6 
0  2.7  ,  GO  11.0  8 
2  3.0  4.9  7.9  8 
0  2.9  4.0  8.4  8 
b  2.9  3.0  0.4  S 
48  29  30  e.l  3 
7S  2  8  3.0  6.7  3 
0  2.7  1.0  8.3  3 
2  28  1.0  ,  8.4  3 
0  I  2.8  1.2  !  17.9  3 
a  2.7  3.2  9.9  I  3 
0  I  2.8  i  2.0  8.48  i  3 
0  2B  '  3.2  8.4  8 
0  3.8       1.88  ... 


8  2       8.1        l.S 


8  48      8.06      8 


9  4.76  l.t 

S6  4.48  1.4 

7  42  1.38 
B  '  40  1.48 
5  3.9  1.3 
38'  3.B  I    1.3 

08  ,  2.0  I  13 
0  1.9  1.1 

0  1,7  1  1.2 

08  3.B  II 

2  32  1.1 

1  3.9  ;  1.2 
0  2.1  1.3 
0  I .86  1.3 

9  1.3  IB 
4  13  :    IB 

3  1.4  1.7 
4S  1.6  1  3 
BB  1.4  '  1.2 
0  IS  1.1 
48  IB  ;  13 
38  1.3  '    18 


sdbyGoO^lc 


BOASOKB  SIVBB  nSAINAOX  BASIH.  201 

Dmly  gage  A«gM,  in  ftl,  oj  Dan  Rntr  at  SmtOi  Botlon,  Va.— Con. 

JwL       Feb.      Hv.      Apr.  \  Ibjr.  '  Imt-  |  My.      Aw  |  Btpt.      CM.    '  Not    j   Dec. 


5.1       ISU      & 


.« 

OS 

tw 

^.0    1    1 

.1 

Rt 

S.l 

28        1 

l» 

4« 

S«      1 

3J 

441 

(.3        1 

,»   , 

1.0 

S        I.S        2 

osi  i.s      a 

2        1.1    i    2 
15      l.fi    !    2 

76      l.«    1    2 
18,    1,7    1    2 

es.  i 

1    1  7    ' 

'  J 

E26      7.25      5  15 

e  75      fi  35     13. 


SO      10  4        8.5 


t  U      3  15      J. 


1 

J5 

23 

3.3        3 

1        1. 

2 

16; 

.25 

; 

1! 

6,«|    1 
355      1 

»     1     i 

47  1    t. 

w    a. 

15 

I.IEI 

3.15      1 

SB  1    2. 

115 

» 

1.8    1 

92  i    1, 

5 

TB 

SU 

<B      1. 

55. 

17      1. 

Ml 
2 

• 

155 

1.8 

355      I 

l.B5| 

W  7, 
03     11 
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II YDBOGRAPHT  OF   TIBQINIA. 
Datiy  gagt  h^iukt,  tn  /eet,  of  Dan  Rivtr  at  South  Boston,  Va.—i:oa. 

Jm.       F«b,       »«.      Aw.      II»y.      Jum.     July.      Am.      Stj*.      Ort. 


2.«t      3. 


» 

M      1 

«5 

B        1 

«        1 

45      3 

U      8 

»      « 

,3        t 

I        1 

.31,    1 

35<    1 

-2S,    1 

i 

» 

IB 

62      1 

7B 

« 

.«3      1 

» 

S7 

U      2 

■a 

Kt     1 

OS      2 

n 

B2 

W 

28      1 

.87 

n 

V 

02      1 

M 

37 

«t 

07 

.87 

«2 

m 

m 

37 

S2 

77 

37 

1.42 

.08      1 

1(7 

17 

B7 

38      1 

B 

.35      t 

»7 

m 

17 

31 

lOi 

OB 

K!  . 

.as 

117 

OS      1. 

.17. 

85 

22 

tt     1 

a  12      3.22      2  18 


ft  29       1.39      2  52      B2 


1  17      B  7S      2  12 


102      3B        8. as 


1  78      2  Ot      2.W 


1  55      2.72      1.71 
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ROANOKE  BIVBB  DBAINAGB  BASIN. 


ftoling  taW,  /«■  Dan  Rittt  <U  Amtfi  BMlm,  Vo 

,  lr<m  A»gtul  tl.  1900,  to  Dteember  SI,  I90t. 

a' 

D«h^ 

A 

Di«buti>. 

A  1 

M,*™, 
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DAN   BIVEB  AT  CI.ABKSVILI.E,  VA. 


Tliis  atadon  was  eetablislied  October  38,  1895,  and  discontinued 
Februaiy  26,  1898.  It  was  located  at  the  Southern  Railway  bridge 
about  1,000  feet  above  the  month  of  the  river.  A  wire  gage  was 
attached  to  the  inside  of  the  guard  rail  in  the  fourth  panel  of  the 
third  span  fnxn  the  ri^t  bank.  The  length  of  the  wire  from  the 
end  of  the  wei^t  to  the  maAer  was  33.17  feet.  Reference  is  made 
to  the  deeeripti<Hi  of  the  station  on  Roanc^e  River  at  Olarksvilk, 
for  information  relative  to  the  diversion  of  water  from  the  Dan  to 
the  Roaiu^e  at  a  point  above  this  gaging  station. 
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DaUy  gagt  height,  in  jta,  of  Dan  River  al  ClarknUU,  Va.—Coa. 
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Daily  fogt  Aa^U,  tn  /art,  of  Dm  Bi»tT  at  ClarktnlU,  Vo.— Cob. 
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BAITIBTEB  SIVEB  NEAB  HOUSTON,  VA. 


This  river,  which  drains  a  total  area  of  520  square  miles,  has  its 
headwaters  in  Pittsylvania  County,  Va.,  flows  soutbweetward  throu^ 
this  and  Halifax  counties,  and  is  tributary  to  Dan  Eiver  at  a  point 
about  5  miles  below  South  Boston.  The  basin  is  hilly  and  generally 
in  farming  lands,  with  small  forest  areas. 

The  gaging  station  was  established  September  28,  1904,  by  K.  H. 
Solster,  and  is  located  at  a  covered  highway  bridge  1^  milee  below 
the  railway  station  at  Houston,  Va.,  and  about  one-foarth  of  a  mile 
below  the  mouth  of  Terrible  Creek.  A  standard  diain  gage  is  at- 
tached to  the  upstream  side  of  the  bridge  near  the  left  pier;  the 
length  of  the  chain  is  33.53  feet.  A  stafE  gage  at  the  mouth  of  Ter- 
rible Creek  has  been  set  to  read  the  same  as  the  chain  gage  at  3.4 
feet  above  gage  datum.  Observations  are  made  from  the  staff  gage 
except  in  high  water,  at  which  time  the  chain  gage  is  iised.  A  bigb- 
water  gage  from  19  to  30  feet  is  painted  on  the  northeast  comer  of 
Mr.  Yates'  mill.  The  datum  of  the  gage  is  referred  to  bench  marls 
as  follows :  No.  1  is  a  chiseled  cross  on  the  top  of  the  left  abutment, 
upstream  side  of  the  bridge ;  elevation  25.27  feet.  No.  2  is  the  top 
of  foundation  at  northeast  comer  of  Mr.  Yatea'  mill,  directly  imder 
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tbe  high-water  g&ge;  elevation  19.09  feet.  No.  3  ie  a  nail  in  a  10- 
inch  tree  50  feet  northeast  of  bridge  over  Terrible  Creek ;  elevation 
16.48  feet  The  channel  is  straight  for  about  1,000  feet  above  and 
below  the  station.  Both  banks  are  low  and  liable  to  overflow.  The 
bed  of  the  stream  is  of  gravel  and  sand  and  probably  changes  some- 
what. There  is  one  channel,  broken  hj  one  pier  at  low  water  and  by 
two  pieiB  at  medium  stages.  The  gage  is  read  twice  daily  by  J.  A. 
TatfiB.    This  staticm  was  discontinued  December  31, 1905. 
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KANAWHA  BIVEB  DBAIHAOK   BABIN. 


KAHAWHA  RIVER  DRAINAGE  BASIS. 

DESCBIFTlOfl    OF  BA81K. 

Kanawha  River  rises  in  Watauga,  Ashe,  and  Alleghany  counties, 
North  Carolina,  flows  northwestward  through  Virginia  and  West 
Vii^nia,  and  joins  the  Ohio  River  at  Point  Pleasant,  W.  Va.  In 
its  upper  course  it  is  known  as  New  River.  The  headwaters  lie  in 
the  Appalachian  Mountains  among  the  high  ridgee  which  form  the 
divides  between  the  drainage  basin  of  this  river  and  that  of  Yadkin 
River  on  the  east  and  of  Holston  River  on  the  west  The  upper  trib- 
utaries drain  narrow  valleys  of  the  mountainous  region  of  Korth 
Carolina ;  their  slopes  are  generally  steep  and  their  beds  are  rough. 
The  main  river  cuts  the  Alleghany  fronts  just  below  Pearisburg, 
Va. ;  thence  the  course  of  the  river  lies  through  a  narrow  valley  of 
Weet  Virginia,  over  a  ro\igh  bed  with  many  falls  and  rapids.  The 
basin  is  as  beautiful  and  picturesque  as  any  in  the  eastern  part  of  the 
TTnited  Statee.  The  co»mtry  on  its  lower  courses,  through  which  the 
Chesapeake  and  Ohio  Railroad  passes,  is  noted  for  its  scenic  beauty. 
Below  the  junction  with  the  Gauley  the  river  is  known  as  the 
Kanawha. 

The  principal  tributaries  of  New  River  are  Little  River,  which 
empties  near  Radford,  Va.,  and  the  Greenbrier,  which  rises  in  the 
eastern  part  of  West  Virginia  and  joins  the  New  at  Hinton,  W.  Va. 

NEW  KIVBB  N£AB  OLDTOWK,  VA. 

This  station  was  established  to  aid  in  the  bydrographic  investi- 
gations undertaken  by  the  United  States  Geological  Survey  in  the 
Bouthem  Appalachian  area.  It  was  established  July  31,  1900,  and 
located  at  Austin's  Ferry  about  2  miles  west  of  Oldtown,  Va. 

A  wire  gage  was  fixed  in  an  overhanging  tree  on  the  left  bank, 
about  50  yards  upstream  from  the  ferry.  The  scale  was  so  placed 
that  the  zero  mark  was  next  the  bank,  the  distance  from  the  index 
on  the  wire  to  the  end  of  the  weight  being  16.1  feet  The  initial  point 
for  soundings  was  on  the  right  bank,  and  measurements  of  discbarge 
were  made  from  the  ferry-boat  The  channel  above  and  below  the 
station  is  straight  and  the  current  awift  The  right  bank  is  high  and 
rocky  and  is  never  submerged,  but  the  left  bank  is  lower,  and  at 
times  floods  cover  it  for  a  considerable  distance.  The  bed  of  the 
stream  is  rocky  and  sandy. 

Dig-izedbyGoO^Ie 


214  HTOSOOttAPBY  OF  TIROINU. 

Since  the  gage  rod  at  this  station  was  so  plaoed  tliat  the  zero  mark 
waa  next  to  the  bank  the  gage  readinga  were  reversed,  a  rise  in  the 
water  surfaoe  being  indicated  by  a  decrease  in  the  gage  readingH, 
and  vioe  vena.  This  is  true  of  all  figures  for  gage  heists  for  thu 
statical  published  in  Watei^Supply  Pa^rs  Nos.  48  and  65.  Beati- 
fication of  ^is  condition  was  made  by  subtracting  all  observed  gage 
heights  from  7.3  feet,  this  being  &e  length  of  the  gage,  and  also  the 
gage  height  which  corresponded  to  the  lowest  stage  of  the  stream. 
Gage  heists,  as  printed  herewith,  above  7.3  feet  are  estimated  \>j 
the  obflorver.  The  only  exception  to  this  rule  is  the  hei|^t  of  the 
flood  of  May  22,  1901,  which  waa  determined  by  direct  levelling. 
This  was  the  greatest  flood  since  1878,  when  the  river  rose  some  4 
or  5  feet  higher. 

Owing  to  the  inaccessibility  of  this  station,  only  one  measurraaeit 
of  the  flow  was  made  during  1902  and  1903,  though  daily  records 
of  the  stage  of  the  surface  were  maintained.  The  station  waa  dia- 
wntinued  March  31,  1903. 


Ditcharye  mtatiiTtrntnte 

of  Nea  River  tte 

or  OUtovm, 

Itatr. 

\  iz^ 

,-d^W. 

1900. 

.%l«l. 

ft.pB-« 

July  31 

N,  C.  Curtis 

October  29 

....do 

1901. 

June  29 

N,  C,  CurlU 

1903- 

Febniarye 

B.  W.  Mypra 

1  .579 

2.24     1 

—  ' 

0.70 
1.00 


5k-M 
1.541 
2,293 


sdbyGoOgle 


KAITAWHA   BIVKB  DKAIHAOS   BABIN.  21S 

DvOy  gaf  fcmgM,  in  /cd,  0/  Nta  Riwtr  mar  OUtan*.  Va. 
Ju.       Fdt.      Hii.  i  Apr.      Mur.  ;  3<u<t.  J  July.      Auf.      S>pt.      OM.   |  Nm.      Dm. 


1.0   ■ 


4.S        20        IS    I 
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HTDSOOKAFHT  OF  VIBOINIA. 

Daily  gag*  hnght,  in  ftet.  oj  ffew  River  near  OUIown,  Fa.— Con. 


Dw. 

Jul 

Frtk 

MB. 

Apr. 

uw. 

3m*. 

July. 

Auc 

Btpt. 

(M. 

N„. 

Dk 

IWl. 

l.T 
1.1 

i.3 
l.fl 

IT 
1.5 

.e 

1.0 

],a 

1.2 

1.0 

1,0 
1.9 

16 

t« 

2.8 

11 
1.5 

.8 
.7 
1.0 
4.0 

1^5 
J.O 

6.2 

2.8 
2.4 

1.8 

1,8 
2.0 

1.7 

1,8 

1.9 
1,7 

1.5 

1,8 
12 
1.2 

1,8 

T.B 
7.3 

1,8 

i.a 

IS 

1.8 

t.e 

1.4 

1.1 

1.1 

1.0 
1,8 

2.1 

1.7 
1.8 

1.7 
1.6 

I'o 

1.5 
l.S 
1.4 

!i 

1,8 
1.1 
IS 

],i 
1.4 

1.1. 
1.1 

1.0 
10 

8.1 
3.0 

2-T 
4.4 

t'.l 
1-7 
1.4 

1.0 

1,0 
.8 

1.0 
1.0 

I.O 
.8 

.8 

'.a 

1,0. 

10 

l.S 

.9 

1.0 
l.S 

.8 

,7 

8.1 

4.6 

1.8 

1,3 
2.5 

8 

.8 

.8 

10 
1.0 

1.9 
3.1 
2.S 
1.7 
1.4 

1.0 

.9 
.8 
.8 

3.9 
4.1 

8.1 
3.8 

1.8 

37 
SO 

11 
32 

5.1 
1.8 

1.4 

1.1 

1.0 

.9 

.7 

' 

1«02. 

3.0 

3 

1 

• 

1 
1 

1 

i 

IVOS. 

i.v 

i.ft 

14 

It 

■  t 
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KAITAWHA   filTBB  D&AJNAQE   BASIIT. 
Daily  gagt  Aa^M,  in  fmi,  of  tftw  River  Jiear  Otdtown,  Va. — Con. 


Dv.             Jul       Fib 

Hu. 

A^. 

KW. 

,™, 

J«Ix.      A<» 

Sept 

(M. 

Not. 

Dec 

g      "*              11    '    I. 

n':::::::::::::  :• '  it 

2;:::::::;:::::  :;  !  I;? 

I.::; :';■  ,1  [.  . 

1 , 

U 1    1.8    

:::::r:;:::i::::::: 

HEW  ElVSa  AT  BASFOBD,  TA. 

This  station  is  located  at  the  highway  bridge  near  the  Norfolk  and 
Weetem  Railway  station,  and  was  eetablisheMl  by  D.  C,  Humphreys 
August  1,  1898.  The  gage  used  at  first  was  erected  by  the  United 
States  Weather  Bureau.  It  consista  of  a  vertical  board,  graduated 
to  feet  and  toitlis,  and  is  attached  to  the  iron  framework  connecting 
the  pair  of  iron  concrete  cylinders  which  form  the  first  pier  from  the 
rig^t  bank.  On  account  of  tlie  inaccessibility  of  the  "Weather  Bureau 
gage,  a  wire  gage  was  put  in  on  February  23,  1900,  the  datum  being 
the  same  as  that  of  the  old  gage.  On  December  1,  1903,  the  old  wire 
gage  was  replaced  by  a  standard  chain  gage  and  the  gage  datum 
was  lowered  3.41  feet  The  length  of  the  chain  from  the  end  of  the 
weif^t  to  the  marker  is  87.00  feet.  The  observer  is  C.  L.  Gillaspie, 
toll  collector,  who  reads  the  gage  once  each  day.  The  channel  is 
straight  for  several  hundred  feet  above  and  below  the  station  and 
U  one  unbroken  channel  570  feet  wide  at  ordinary  stages.  At  ex- 
treme hig^  water  its  width  is  about  1,200  feet,  broken  by  5  piers 
and  several  trestle  b^itB.    (See  foot  note  to  discharge  measurements.) 
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HTDSOOBA.FHY  OP  TIBGIHIA. 


The  bottom  is  of  solid  rock  and  gravel  and  is  smootli  and  regular. 
On  the  left  hank  there  is  a  steep,  rocky  bluff.  The  right  bank  ia 
hi^  and  is  subject  to  overflow  only  in  extreme  Soods,  all  the  water 
passing  under  the  bridge  which  is  about  85  feet  above  low  water. 
The  discharge  measurements  are  made  from  the  upstream  side  of 
the  bridge.  The  initial  point  for  soundings  is  on  the  right  bank  of 
the  river  50  feet  from  the  first  pier. 

The  bench  marks  described  below  are  all  referred  to  the  datum 
of  the  chain  gage.  Bench  mark  No.  1  is  the  bottom  of  the  lowest 
horizontal  brace  connecting  the  first  two  cylinders  from  the  ri^t 
bank;  elevation  7.29  feet  Bench  mark  No,  2  is  the  top  of  the  low- 
est horizontal  brace  on  the  west  side  of  the  bridge  2.5  feet  south  of 
the  northwest  post  of  the  bent  nearest  the  river  on  the  right  bank; 
elevation  22.65  feet.  Bench  mark  No.  3  is  the  northwest  comer  of 
the  top  of  the  stoue  under  the  7th  poet  from  the  right  bank  on  the 
west  side  of  the  bridge;  elevation  18..')4  feet. 


IKwhor^  nMOMirmtenti  o/  New  River  ai  Radford,  Va. 


July  21. . 
July  20. , 


JUDB  20 

August  II 

IBOO. 
^February  23. . 
bFebruary  24.. 

March  30 

June  27. 

July  28 

AugUBt  22 

December  20. , . 


D.  C.  Humphreys. . . 


D.  C.  Humphreys. . . 


2,891 
2,456 
2.575 
2.450 
2.022 

1,451  ; 


ai 


3.61 
4.67 


5.06 
5.51 


2.09 
2-82  ' 
2  59  ! 


1,812 
4,623 


5.256 
1.305 
2,975 
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KANAWHA  BIVEB  DKAIRAQE   BAfilH. 
Ducftorye  meaturtmenl*  of  Nev  Rivtr  at  Radford,  Fa. — Con. 


Dtto. 

'       — 

AnoT 

JS,. 

SR 

Dta- 

1901. 

' 

a>tliL 

n.)»Hr 

PM. 

SK-fid. 

Jalyao 

D.  C.  HumphreyB. 

2,445 

3.37 

6.6« 

S,246 

AagiMtS 

I-...<1<. 

3,570 

4.77 

7.42 

17,030 

1902. 

July  13 

1  D.  C.  HumphrejtB. 

1.593 

1.77 

3.01 

2.820 

Aivut22. 

i-'^ 

1,407 

.      1.49 

2.73 

2,233 

1903. 

Much  21 

E.C.  Murphy 

2,327 

2.24 

4.86 

6,214 

Septoi>ibn23.. 

1  Paul  and  Sawysr. 

1,4S2 

1.46 

3.64 

2,106 

1,277 

IQM. 

Scpl«inber29.- 

,....dD 

1,432 

.86 

3.34 

1.240 

Oelober  18 

]....do 

1,378 

.73 

3.14 

1.005 

1905. 

Septemborll.. 

1  R.H.  Bolster 

1,810 

1.44 

3.88 

2.615 

.— Tbe  I  eirouUr  pitn  it  thii  ititinn  uc  ■  (nr  fnt  bdow  lh«  mawiniig  i 
■daflcd  in  iht  uuaiuring  Hction  for  high  wilv  nanroiiaiU  owinc  lo  t 
liftHMofUHnmnl.  The  aiouuRmmb  fvltlMuid  11106  bin  Imi  m 
ant!  June  2T,  1900,  ind  .lugint  8,1901,  hin  been  Reomptited  Fcr  i  chii 
DntB  have  been  oorrected.  the  TwulU  hnving  bsn  computed  on  the  bud 


er  tieiiic  urr^  down  tti 
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HTDBOOKAfHY  OF  VIBOmiA. 


Daity  gag*  height  (a) ,  in  feet,  of  iVow  Biver  al  Radfmd,  Va. 


'  P«b.  ;   Hu.  I   Apr.      Hit.  '  Jure.  ,  JdIt.  I  Aw.      Smt  {   Od.       Nor.       Dk 


U 


a.i  ,  ts.t    UA 

S.l         4.4       S.S 


4.1        S.O    '    3.0       l.X 


3.4        2  >        3  1       3.0 

S.l    .    3.3        3.1       3.0 


31        34        31 


30        3.3        3.D 
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EANAWHA    BIVEB  DBAINAOE   BASIH. 
DaUy  gage  hti^{a) ,  in  fert,  of  Nob  Riva-  at  Radford,  Va.—Coo. 


D»T. 

Jul 

Fib. 

Km.      Apr.   i  Hi>y.     t-^     Jiilr-      Aic      SipL      Oct.       H*».       D«. 

m». 

6.2 

«4 

6.3 

S.3 
8.4 

7.4 

8.7 

43 
4-2 

4.1 

4.3 

*'3 
4.8 

a.j 

6.2 

4^8 

4.4 

83 
88 

63 

»-» 

3.8 

41 

U 

08 

a        4  7        4.2    ■    4-0        3  6        3.8        1 

4  4.7        4.5        3.1        3  8        3.8    |    4 

»        6~4        4'e        tJ        3!4        s't        3 

5  6-4        4-2        4.4        4.3        S.7    i    3 
4        52        4.1        4.4        42        4.4        3 

4        3.0        2.0        4,4 

iwo. 

16      S.3        1.8        1.1      (4.4        3.3        3 

6  '    4.8        1.4        1.4        4.0        3.6        3 

4  4.8        4.7        1.4        4.1        37        3 
3        4.8        1.8        4.3        4.3        37        3 

2  IS        4.4        4.3        4.1        3.4        2 
1        4.4    .    4.4       1.2        3.«        3.4        2 
1        1.4       4.3        43        38        32        2 

5  1,3        1.4        4.2        3.7        3.0       2 

0  6.3        4.4        4.1        3.8        2.5        3 
>        8  2        4  4        4  1        3  8        3.4        2 

3  4.8        4.4        4.2        3.7        2  0        3 

1  ,    4  4        4  3        1.4        3,6        2  8        3 
0    1    1.3        4.3        4.5        3.6       2  7        4 

7  1.2        1.2        4.6        3.7        2.8        6 
0        4  2        1,2        5.0        3.7        2  6        5 

28      6  0        1.2        4.4        3.4        2.7        I 

8 

1» 

1« 

f  i:i  il  il 

» 

4.1 

7        6.3        13        1.6        3  6        3.4        3  0        5.6        3»        4  2 

27 

» 

5  5.0        4.4        5.0        1.3       3.4        3.4        4.7        7.7        4.1 

6  1.7        4.4        SO        4,2        34        3,1        44        53        41 

IWI. 

1 

a 

3 

3 

3 

8        5.1        6,1        68        81        46        7 
7        5  4        4,0        8.3        7  0        4  6        6 

6        »-l        1.8        63        88        43        6 

0        6.4        3.7    '    3.8 

4        63        37        3.7 
4        1.9        38        4.8 

■1  Deamber.  1903. 
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Dmiy  gagt  heighl  (a),  in  fml,  of  Nob  River  at  Badford,  fa— Con. 


D^>.  Jul       Fib.   I  Hu.      Apr.  '  Mw.  I  ^      My. 


1  1    4 

2  I 

0    !    3 

8   !   I 

1      M 
I    1    3 

a 

s  Im.t 

t        4.7 
3        4B 

5        4.<l 

I    '    4.8 
1        *.i 

1        4.4 

i        4.6 
9        S,9 
1    ■    3,7 

a     3.« 

_    ... 

xd  lo  datum  Mtiblidiol  DRCmbiT.  1903. 
lo  Oclobrr  31.  1902.  hive  htea  maaxd  .9 


1  1  I 

i': 

j-  i:: 

tbt 

W" 

-«,r.4. 

rffDtnta  and  the  g4ge  heubt*  June  1  to  Oetobw  31»  u  fiTot  in  thi  dImt 
u  nhorl  over  thi>  piTi«C   Tbe  n(>  helchtg  hir  Uh  muimlcr  ti  tin 
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KANAWHA   BITEB  DKAINAOE   BABIN. 
Doily  gage  hn^  (fi),  in  feet,  of  Nev  River  at  Radford,  Fn.— Con. 


ra,.      Hu.      Apr.      lUy.      Jun 


July.      Auf.      Srpl.      Oct       Nor. 


3»       a       29 


39       3»       33 


U  Me  b^ktanfo-lo  datum  oUbliitfd  DF«nil«r.  IWl 
U  t»  hMttf  )u>i«ujr  1  111  DKcmbct  1.  I9IU.  nd;i«d  to 
r  to  !*pt«ib(r  I.  1903,  BbiRt  la  emn  of  teymi  tmUa 


1.1903.   All  Kige  hr«1il> 
line  the  mt^ 


HVDEOGBAPHY  OF  V 
Daily  gage  htighl,  in  feet,  of  Nrw  Rieer  al  Radford,  Va. — Con. 
Jin.       Feb.       Hor.      Apr.      Uiy.      JunF.     July.      Au(.      Sept.      Ort. 


1904. 

B 8-» 

12 :    3-S 

IB 3-S 

18 34 

^1                             3S 

a !  11 

3  8        3.8        3.7 


8.1        3  2      21  e 


52        37        3&       38 
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KANAWHA   EIVEB   DRAINAGE   BABIN. 


Baling  tahU  for  .Vro  River  at  Radlord,  Va., 

rom  Augua 

I,  1868,  U 

December  SI,  1905. 

A- 

DHclutit. 

„S, 

A 

r>«Urgt 

A 

DMurtc. 

f-t 

Sno^M 

fmt 

Ftd. 

S»^-. 

c-t 

&!««(-/««. 

2,50 

al20 

4.10 

3,590 

5.70 

9,540 

7.60 

17.900 

2.60 

a  170 

4.20 

3,000    1 

5.80 

9.950 

7.80 

18.890 

2.70 

a2HI 

4.30 

4,220 

5.90 

10,360 

8.00 

19.920 

2,80 

(i360 

4.40 

4,550 

6,00 

10.770 

8,20 

20.990 

2.90 

a510 

4.50 

4,900 

6,10  ! 

n.190 

8.40 

22,100 

3.00 

700 

4.60 

5,260 

e.20 

11,610 

8,60 

23,260 

3.10 

920 

4  70 

6,630 

6.30 

12,040 

8. SO 

24,440 

3.20 

1,150 

4.80 

6,000    ' 

6.40 

12,470 

9,00 

25,960 

3.30 

1,390 

4.90 

6.380 

6.50 

12.000 

9.20 

26,870 

3.40 

1,840 

5.00 

6,770 

8,60 

13.340 

9.40 

28,100 

3.50 

1.900 

5  10 

7.160 

a  70 

13,780 

9.60 

29,340 

3.60 

2, ISO 

5.20 

7,550 

6.80  1 

14,230 

9.80 

30,580 

3.70 

2.430 

5  30 

7,940 

6.00  1 

14.080 

10.00 

31,820 

3.80 

2,710 

5.40 

8,340 

7.00  ] 

15,130 

3.eo 

3,000 

5  50 

8,740 

7,20  ' 

16,030 

4-00 

3.290 

5,00 

9,140 

7.40 

18,950 

Tbe  sbave  Ubir  if>  Hridly  applin 
rntdr  JuiH  Z;.  igm.  AukusI  g.  1901 
TV  ulilc  hu  been  eittndnl  LiF>Dn<I 


3.0^1  and  -• 


mot  the* 


Tklwwn  M 


Ettintattd  monthly  ditchargt  of  Neu>  Riwr  at  Radlord,  Va. 


October  ... 
November. . 
IVoemher. . . 


.  Huimum.      HinimuiD. 


2  ,710  4 ,747  , 
2  ,160  6 ,842 
3 .000         9 ,378 
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HYDBOORAPHY  OF  VIBOINIA. 


Sitimaled  iwwUWy  dUdtargt  of  Nea  Rivtr  at  Radford,  Ko.— Con. 


I  ShohMsM        Dmth 


Jaouvy 16 ,950  !      3  ,B 


Febnuuy. . . , 

Hay 

July 

*Auguit 

•September.. 

•October 

•November  . 


,280         3 ,500       11 .550 


57,950 

17,420 
8,740 

16,490 
4,5fiO 
4,550 
6,770 
1,640 
4,550 

19,400 


2,430 
1,640 
1,150 


17,130 
8,041  I 
5 ,697  j 
4,799 
2,452  ! 
2,192  i 
2,717 
1,107 
1,376 
3,146 


2.95 
2.09 


4.42 
7,25 


aJanusry 

February 20 ,990 

March 

April 


May 

Wuly 

Seplember 

October 173 ,800 

November .    39 ,530 

Deeemlier 16,950 


12  ,470 

«250 

20,990 

2,430 

28,100 

5,260 

16,950 

3,590 

8,340 

3,000 

8,340 

3.590 

8,740 

1.640 

2,710 

cl20 

11,820 

cl70 

2.10 
2.11 


2.6e 
4.3fi 


3.82 
2.34 


The  year 173,800 
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KANAWHA   BtVEB  D&AINAOB    BASIN. 
Bttimaitd  MonMy  dittKarge  of  Nev  River  of  Ra^ord,  Va. — Ton. 

'  DiB^iuiB  In  aecond-fect  |  Riu 


16  .MO 

2,710 

4.642 

1.70 

1.96 

6. 38(1 

1,390 

3.696 

1.36 

1.42 

22,100 

o360 

4.703 

1.73 

1.99 

126.300 

4,220 

17,200 

6.31 

7.04 

172,700 

4,560 

18,360 

6.74 

7.77 

43.&00 

6,000 

13,850  ■ 

5.08 

5,67 

19,020 

4,550 

8,496  1 

3.12 

3.60 

89.760 

4,220 

21 ,730  , 

7.97 

0.19 

23.540 

4.220 

8,055  ■ 

2.96 

3-30 

12 .470 

2.710 

4.952 

1.82 

2  10 

5.260 

1.640 

3.500 

.917 

1-02 

137.000 

1.900 

18.420 

6.76 

7.70 

172 ,700 

o360 

10,560 

3.87 

62.84 

4 ,220   -   6  ,771 
I     10.990 
10 ,820 
.      6,041 
j      2 .707 
6.234 
4.666 
3,729 


2. 48 
1.14 
2.56 
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HYDBOGRAPUT  OF  VIROINIA. 
EifinoM  monlMy  ditdiarge  of  Hew  River  al  Radford,  Va. — Con. 


01903. 

Juiuuy ^  .4M 

February 46  'l80 

M»reb 

May 

July 

SepMmber 

October 

November 

December 

The  yew *8,210 

1904. 

JsnuAry 

Febnury 

March 

M»y 

July 

September 

October 

November 

December 

The  yew 


48.210 

4,220 

I2.4S0 

4. 58 

5.28 

16,S50 

6,000 

9.3B2 

3.4S 

3.85 

6,770 

3,000 

4.342 

1.59 

1  83 

18,390 

3,000 

6,382 

2.34 

2.61 

8.340 

2,430 

4,578 

1.68 

l.M 

9,960 

2,160 

3,949 

1.45 

1  67 

14,230 

1.390 

2,793 

1  02 

1-14 

6,000 

1,160 

2,232 

.819 

.W4 

3,290 

020 

2.081 

.764 

.852 

2,430 

510 

1.453 

.533 

.615 

8.340 

SIO 

2.184 

.801 

923 

'      7,940 

1,150 

3.208 

1.18           1 

27 

'     16.050 

1,3B0 

4.478 

1.64           1 

89 

3.000 

1,900 

2,775 

1.02           I 

14 

12.040 

2,160 

4.149  1 
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DISCDSSIOH  OF   PRECIPITATIOn  AFD  RUH-OFF  COHPARISOHS. 

In  order  to  compare  the  mn-off  at  the  various  gaging  stations  in 
Vii^nia  with  the  rainfall  over  the  drainage  areas  above  these  sta- 
tions, the  precipitation  data  eollectpd  by  the  United  States  Weather 
Bureau  have  been  used. 

Although  the  rainfall  stations  are  few  in  some  drainages,  they  are 
quite  nniformly  distributed  and  represent  the  conditions.  It  is 
a.isumed  that  for  any  one  month  thp  mean  rainfall  over  a  given  area 
is  the  mean  of  the  montlilv  rainfall  in  the  various  stations  in  that 


Tn  this  oomparison  the  following  facts  must  be  kept  in  mind: 
Kirst:  Rim-off  is  a  resnltant  quantity,  and  is  the  quantity  of  water 
left  after  evaporation,  v^etation,  seepage,  etc.,  in  the  area  have 
been  satisfied.  Second:  A  rain  gage  shows  only  the  rain  that  falls 
on  a  few  square  inches  of  surface.  There  should  be  many  rain  gages 
in  onler  to  pscertain  the  average  precipitation  over  a  watershed. 
anil  as  maximum  precipitation  often  occurs  in  comparatively  small 
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areas,  it  may  not  be  recorded.  Third :  Oronnd  and  surface  storage 
modify  the  relatioo  between  precipitation  and  run-off.  The  run-off 
for  a  month  in  early  spring  may  be  much  lai^r  than  the  precipita- 
tion for  that  month  on  account  of  melting  snow  that  falls  during  the 
winter  months.  Again  in  tlie  early  fall  when  the  groundwater  is 
low,  a  small  rainfall  yields  a  mucji  smaller  run-off  than  it  would 
during  the  springtime  when  the  ground  ia  nearly  saturated  with 
water.  Fourth :  Heavy  rainfall  frequently  occurs  at  the  fflid  of 
a  month,  and  as  the  run-off  data  is  computed  for  the  calendar  monda, 
the  results  from  such  a  rainfall  may  appear  in  the  following  mondi's 
record.  Fifth:  Snowfall  data  are  not  available,  therefore  it  has 
been  impossible  to  allow  for  the  snow  storage,  which  accounts  fw 
the  high  percentages  usually  obtained  for  the  late  winter  and  earl; 
spring.  To  fully  account  for  this  storage  a  cube  of  snow  should  be 
melted  at  the  end  of  each  month  in  order  to  determine  the  amount 
of  water  stored  during  that  tima  The  quantity  available  for  run-off 
during  the  following  month  would  be  the  amount  determined  plus 
the  precipitation  during  the  following  month  minus  the  amount 
left  in  snow  storage  at  the  end  of  that  month. 

These  and  other  causes  make  the  monthly  ratios  of  run-off  to  rain- 
fall appear  quite  erratic.  A  month  is  too  short  a  period  for  the 
comparison  of  these  quantities.  A  year  is  a  better  period  but  not 
entirely  satisfactory,  especially  the  calendar  year,  as  the  snow  and 
groundwater  storage  are  not  in  the  same  conditions  at  the  end  of 
each  year,  A  year  beginning  with  die  first  of  October  makes  a  much 
better  period  as  the  storage  at  that  time  is  generally  a  minimum, 
and  the  conditions  more  nearly  uniform  for  various  years. 

The  State  of  Virginia  comprises  part  or  all  of  the  following 
drainage  basins ;  Potomac,  Minor  Chesapeake,  Minor  South  Atlantic, 
James,  Chowan,  Boanoke  and  Ohio.  In  these  basins,  gaging  sta- 
tions for  which  the  records  are  suitable  for  comparing  with  the  rain- 
fall, have  been  maintained  as  follows : 

Potomac  River Potomac  River  at  Point  of  Rocka. 

"  "     Shenandoah  River  at  Hillville. 

"  "     Shenandoah  River  (South  Branch)  at  Front  Boyal. 

"  "     Shenandoah  River  {North  Branch)  at  Riverton. 

James  River, James  River  at  Buchanan. 

"  "     Jam«e  River  (North  Fork)  at  Glaqraw. 

"  '■     Jamee  River  at  Cart«rBviUe. 

Roanoke  River Roanoke  River  at  Roanoke. 

"  "      Roanoke  River  at  Randolph. 

With  the  exception  of  the  Potomac  drainage  area  which  extoids 
into  "Maryland  and  West  Virginia,  the  drainage  areas  above  thwe 
stations  lie  prnoticjilly  all  within  the  State  of  Viipnia/ 
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Since  1891  the  United  States  Weather  Bureau  has  maintained 
ninety-aeven  rainfall  stations  in-  Viiginia,  aa  shown  by  tie  following 
list)  and  on  Plate  II ;  and  in  the  Potomac  drainage  outside  of  Vii^ 
ginia,  eleven  stations  have  been  maintained  in  Maryland,  and  seven 
stations  in  West  Virginia.  These  stetiona  have  been  grouped  into 
the  areas  above  the  varioua  stations  (see  following  table)  and  the  data 
at  them  used  for  determining  the  mean  precipitation  over  these 
various  areas.  These  values  have  been  compared  with  the  run-off  in 
depth  of  inches  and  tables  showing  the  run-off  in  per  cent  of  rainfall 
and  also  tiie  loss  in  rainfall  have  been  prepared.  Theee  values  have 
lieen  inserted  in  the  tables  of  monthly  estimated  means  accompany- 
ing the  various  gaging  stations. 
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As  a  substitute  for  an  index  the  reader  is  referred  to  Contents 
which  will  supply  that  desideratum. 
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Leonard  Watson  and  Stephen  Taber. 

The  report  Bhould  prove  of  much  economic  value  in  directing  attention 
to  the  extensive  deposits  of  rutile — the  principal  ore  of  titanium — in  the 
State,  the  only  known  ones  of  commercial  value  in  the  United  States,  and 
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Respectfully  submitted. 

Thomas  L.  Watbon, 

Director. 
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PREFACE 

flELD  WORK. 

The  Amherst-Nelson  counties  area,  which  forms  the  main  part  of  this 
report,  began  to  attract  attention  aboat  1903,  when  the  American  Rutile 
Company's  property  at  Boseland  commenced  producing  rutile.  In  August, 
1906,  the  senior  writer  with  assistant  Henry  Y.  Day  visited  the  area  and 
devoted  some  days  to  a  reconnaissance  of  the  Roeeland-Bryant  portion  of 
the  district;  and  again  in  the  spring  of  190?  in  company  with  Messrs. 
HesB  and  Spaicer  of  the  TJ.  S.  Geological  Survey. 

After  the  passage  of  the  Legislative  Act  in  March,  1908,  reviving  the 
Virginia  Geological  Survey,  the  senior  writer  in  company  with  Joel  H. 
Watkins  as  assistant  began  a  general  reconnaissance  of  the  entire  district 
preparatory  to  systematic  study  and  mapping.  Mr.  Watkina  spent  the 
entire  month  of  August  and  the  early  part  of  September  in  the  district. 

Systematic  study  was  begun  in  the  district  early  in  June,  1909,  when 
the  jnfiior  writer  as  Assistant  Geologist  on  the  Virginia  Geological  Survey 
was  assigned  to  the  work  of  mapping  the  geology,  and  was  occupied  in 
this  work  trom  June  to  October.  Several  trips  have  been  made  into  the 
ilistrict  since  September,  1909.  Laboratory  investigations  and  prepara- 
tion of  the  report  have  been  in  progress  since  the  late  fall  of  1909.  Its 
delay  is  to  be  attributed  in  large  measure  to  the  senior  writer,  whose  duties, 
as  State  Geologist,  prevented  his  devoting  consecutive  time  to  its  prepara- 
tion. 

SCOFE  OF  THE  BEPOBT. 

This  report  contains  a  discussion  of  the  geology  of  titanium  (rutile 
and  ifanenite)  and  apatite  deposits  of  Virginia,  including  (a)  the  Am- 
herst-Nelson counties  area,  (6)  the  Soanoke  County  area,  {c)  the  Gooch- 
land-Hanover counties  area,  and  (d)  the  occurrence  of  rutile  in  Char- 
lotte and  Buckingham  counties,  which  is  of  scientific  interest  but  not  of 
commercial  importance. 

The  first  chapter  is  devoted  to  a  general  discussion  of  Titanium:  Its 
EUtory,  Chemistry,  Ores,  Diitribution  and  Occurrence.  Chapter  II  treats 
of  the  Occurrence  and  Geographic  Distribution  of  Rutile  with  Description 
of  Areas.  It  includes  a  discussion  of  rutile  distribution  in  the  United 
States,  Canada,  Norway,  and  South  Australia,  together  with  a  description 
<^  each  known  locality  that  has  produced  some  rutile. 

The  third  chapter,  entitled  Geology  and  Ore  Deposits  of  the  Amhersl- 
Nelson  Cowiiies  Region,  comprises  an  exhaustive  study  of  the  nature  and 
distribution  of  individual  rock-types  and  ores.  This  investigation,  com- 
menced some  years  ago,  has  resulted  in  much  that  is  of  scientific  interest 
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as  well  as  of  economic  importance.  The  region  is  shown  to  be  a  comag- 
matic  area  of  unusual  scientific  interest,  many  of  the  rock-tjrpes  of  which 
are  new  and  described  in  detail  for  the  first  time.  Economically  two 
types  of  nitile  as  regards  occurrence  are  fully  discussed,  in  addition  to 
ilmenite  and  apatite. 

The  fourth  chapter,  entitled  Qeology  and  Ore  Deposits  of  ike  Roanoke 
County  Area,  deals  in  a  similar  manner  with  the  ilmenite-apatite  deposits 
(nelsonite)  occurring  four  miles  east  of  the  city  of  Roanoke,  and  points 
out  the  similar  and  dissimilar  features  of  its  geoli^y  to  that  of  the  Am- 
herst-Nelson counties  area. 

The  fifth  chapter  discusses  the  Geology  of  the  Ore  Deposits  of  Qooch- 
land  and  Hanover  Cottnlies,  in  which  have  been  recently  found  commer- 
cial deposits  of  rutile.  In  chapters  VI  and  VII  are  given  brief  descrip- 
tions of  the  occurrence  of  rutile  in  Charlotte  and  Buckingham  counties, 
in  each  of  which  the  mineral  is  of  scientific  interest  only. 

The  eighth  chapter  treats  of  Economic  Aspects,  including  a  discussiMi 
of  the  future  of  rutile  and  apatite  mining  in  Virginia.  Chapter  IX  dis- 
cus.aes  the  Uses  of  Titanium  and  Its  Compounds,  and  the  volume  closes 
with  a  Bibliography  on  Titanium. 
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to  Dr.  E.  S.  Larsen  of  the  Federal  Suney  for  examining  and  checking 
our  results  from  the  study  of  some  of  the  thin  sections  of  certain  rocka  from 
the  Amherst- Nelson  counties  district;  to  Professor  J.  P.  Iddings  for  kindly 
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GEOLOGY  OF  THE  TITANIUM  AND  APATITE  • 
DEPOSITS  OF  VIRGINIA 

BY   THOMAS  LEONARD   WATSON   AND  STEPHEN  TABEB. 

TITANIUM:    ITS  HISTORY,  CHEMISTRY,  ORES,  DISTRIBU- 
TION AND  OCCURRENCE. 

HXSTOEY." 

Titanium  was  discovered  in  1791''  by  McGregor  while  investigatin;;  a 
magnetic  sand  found  in  Menachan,  Cornwall.  He  named  the  black  sand 
menachanite  (menaccanite)  and  the  newly  discovered  element  in  the 
compound  he  called  menachite.  In  1794,"  while  engaged  in  the  study  of 
rntile,  Klaproth  announced  the  discovery  of  a  new  earth.  To  the  metal 
of  this  earth  he  gave  the  name  titanium  in  allusion  to  the  "Titans,"  the 
fabled  giants  of  ancient  mythology.  In  1797,  Klaproth  found  that  titanium 
was  identical  with  menachite  of  McGregor,  and  the  name  titanium  has 
lieen  universally  accepted. 

CHEHISTKY.'' 

Generai  properties. — Titanium  belongs  to  the  same  chemical  group  of 
elements  as  silicon,  zirconium,  cerium,  and  thorium.  It  resembles  these 
elements  Jn  being  tetravalent,  with  a  lower  valence  in  some  cases  and,  like 
zirconium,  it  is  a  weak  base-forming  or  a  weak  acid-forming  element.  That 
it  is  isomorphous  with  zirconium  and  silicon  in  some  compounds  is  shown 
in  the  table  of  titanium  minerals  given  below  on  pages  10  and  11.  In  its 
behavior  toward  reagents  titanium  resembles  somewhat  closely  niobium 
and  tantalum,  with  which  it  is  found  associated  in  some  compounds. 

"Ohly,  J.,  -AnalysiB,  Detection  and  Comtnenial  Value  of  the  Rare  Metals.  Denver, 
Col.,  1907,  3d  ed.,  p.  209. 

BroH-ning,  P.  E.,  Introduction  to  the  Barer  Elements,  New  York,  11>0Q,  2d 
«i-.  p.  06. 

bRoscoe  and  Schorlemmergive  the  date  as  ITB9;  Treatise  on  Chemistry-.  1900, 
vol.  ii,  p.  639. 

cRoscoe.and  Sehorlemmer  give  the  date  as  1795;    Ibid.,  p.  039. 
dlddings,  J.  P.,  I^cDU*  Rocks,  1809,  vol.  i,  p.  80. 

Hunter,  M.  A,,  Metallic  Titanium,  Jour.  Amer.  Chem.  Sot.,  1910,  vol.  xxxii, 
pp.  330-336. 

Roscoe  and  Sehorlemmer,  Treatiie  on  Chemistry,  1900,  vol.  ii,  p.  639,  et  »eq. 

Watts  Chemical  Dictionary. 

Browning.  P.  E.,  Introduction  to  the  Rarer  Elements,  New  York,  1900,  p.  00 

Ohly.  J..  Analysis.  Detection  and  Commercial  Value  of  the  Bare  Metals.  1907, 
3d  e.1.,  p.  208.  et  »eq. 
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;••.  'riie  atomic  weiglit  of  titanium  is  48.1,  Elementary  titanium  lias  a 
.*'hjgh  metallic  luetre  and  in  c-olor  resembles  polislietl  eteel.  It  is  hard  and 
■  somewhat  brittle  when  cold,  but  is  malleable  at  a  low,  red  heat,  and  may 
be  readily  forged  like  iron.  As  yet  all  attempts  to  draw  the  metal  into 
wire  have  been  unsuccessful.  The  specific  gravity  as  determined  by  MoiasaD 
is  i.87,  but  working  with  titanium  having  a  higher  degree  of  purity  Hnnter 
determined  it  to  be  4.S0.  Hunter"  determined  the  melting  point  to  be 
between  1,800°  and  1,850°  C. ;  a  rod  of  the  metal  began  to  bum  in  air  at 
a  temperature  of  1,200°  C,  the  heat  of  oxidation  being  sufficient  to  melt 
the  oxides  formed.  According  to  Moiasan''  titanium  combines  with  oiygen 
at  a  temperature  of  610°C,  with  incandescence. 

Titanium  is  soluble  in  cold  dilute  sulphuric  acid,  hot  concentrated 
hydrochloric  acid,  aquia  rcgia,  more  slowly  in  nitric  acid,  and  is  attacked 
by  dilute  hydrofluoric  and  acetic  acids.  On  heating  titanium  combines 
with  the  halogens  and  oiygen  with  incandescence  to  form  halogen  and 
oxygen  salts,  and  with  sulphur  and  carbon  to  form  sulphides  and  carbide. 
It  combines  with  nitrogen  with  extreme  readiness  to  form  nitrides. 

ilplhods  of  preparation. — Prior  to  the  work  of  Hunter  in  Hkmi,  pure 
metallic  titanium  had  probably  not  been  prepared.  Perhaps  the  nearest 
appi-oach  to  it  was  obtained  by  Moiesan  in  the  electric  furnace,  the  prodnct 
of  which  contained  3  per  cent  of  carbon.  Elementary  titanium  may  be 
prepared  (1)  by  reduction  of  the  titanofluorides  by  the  alkali  metals,  (2) 
by  reduction  of  titanium  dioxide  by  carbon,  and  (3)  by  reduction  of 
titanium  tetrachloride  with  sodium.  According  to  Hunter  moderalelj" 
large  quantities  of  pure  titanium  can  be  prepared  with  ease  by  the  la?t 
method.  A  general  review  of  the  methods  used  in  the  preparation  of  the 
metal  follows  in  summary. 

The  difficulties  involved  in  the  production  of  pure  metallic  titaniuiD 
are  due  to  its  high  fusion  point  and  strong  affinity  for  nitrogen  and  carbon, 
as  well  as  for  oxygen.  The  early  attempts  at  the  reduction  of  the  metal 
from  its  compounds  usually  resulted  in  the  production  of  some  of  the 
nitrides  or  carbides,  which  bocause  of  their  high  metallic  lustre  were  often 
mistaken  for  the  metal.  Among  the  early  investigators  in  this  field  may 
be  mentioned  ffollaston,"  Berzelius,''  Rose.*  Wohler,'  and  Deville." 

oHunter,  M.  A.,  Metallic  Titaniuin,  Jour.  Aner.  Chem.   Soc.,   1910,  vol.  xxiii, 
pp.  330330;    Rensselaer  Poly.  Inst.,  Eng.  and  Sci.  Series  No.,  1,  Feb.  1,  1911. 
bMoisBan,  Henri.  Traite  de  Ctiimie  Minerals,  Tome  II,  p.  494. 
cPhil.  Trans.,  1823,  »oI.  17. 
dPogg.  Ann..  1826,  vol.  4,  p.  3. 
•■Pogg,  Ann..  183T.  vol.  16,  p.  67. 
fCompt.  Read.,  1840,  vol.  29,  p.  60B. 
flCompt.  Rend.,  1857,  vol.  46,  p.  480. 
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\ilsoD  and  Petersson"  attempted  to  prepare  metallic  titanium  by  reduc- 
ing titanium  tetrachloride  (TiCl,)  with  sodium  in  an  air-tight  cylinder  of 
solid  8teel.  The  best  results  obtained  by  them  was  a  product  containing 
about  94.73  per  cent  titanium,  the  chief  impurity  being  oxygen;  and  as 
this  was  supposed  to  be  present  as  titanium  monoxide  (TiO),  the  material 
produced  would  contain  only  78.92  per  cent  of  metallic  titanium. 

Moisaan'*  succeeded  in  reducing  titanium  dioxide  (TiOj)  with  carbon 
in  a  lime  or  magnesia  crucible  and  obtained  under  the  heat  of  a  powerful 
electric  arc  a  product  that  contained  5  per  cent  carbon.  By  reheating  this 
with  additional  titanium  dioxide  the  amount  of  carbon  was  reduced  to  2 
per  cent,  but  as  it  was  probably  present  in  the  form  of  carbide  of  titanium 
and  as  the  material  must  have  contained  some  oxygen  it  waa  far  from  being 
pure  metallic  titanium.  Better  results  are  said  to  be  obtained  when  the 
reduction  takes  place  simultaneously  with  the  oxide  of  another  metal  with 
vhich  the  titanium  may  form  an  alloy. 

The  reducing  power  of  metallic  aluminum  has  been  used  in  the  prepara- 
tion of  titanium  from  rutile  by  both  the  Goldschmidt  and  the  Boasi 
processes  (see  page  288).  Kuhne"  has  proposed  a  modification  of  the  Gold- 
sclimidt  process  by  which  a  peroxide,  such  as  barium  or  sodium,  is  intro- 
duced into  the  mixture  to  increase  the  rate  of  the  reaction  and  raise  the 
temperature  to  a  higher  point.  More  aluminum  must  be  used  in  this  case 
than  in  the  aluminothermic  reaction,  as  there  must  be  sufficient  to  combine 
with  the  oxygen  of  the  peroxide  as  well  as  with  that  of  the  mtile. 

An  electrolytic  process  has  been  employed  by  Huppertz^  to  obtain  pure 
metallic  titanium.  Calcium  chloride  was  used  as  the  electrolyte  and  the 
titanium  oxide  reduced  cathodically  by  the  calcium  ion,  the  cell  used  being 
s  strontium  metallic  furnace.  The  metal  obtained  by  this  process  is  said 
to  be  abaolntely  free  from  nitrogen  and  carbon  and  has  a  perfect  metallic 
lustre  with  a  brilliant  white  color. 

Recently  Hunter,"  in  an  attempt  to  reduce  "odium  titanotiuoride 
(Na,TiFs)  with  metallic  potassium  in  an  iron  cylinder,  obtained  a  product 
containing  73.2  per  cent  of  titanium.  Potassium  and  barium  titano- 
Saorides  were  tried  with  no  better  success.     He  also  repeated  Uoissan's 

"Z.  phyiik.  Chem.,  1887,  vol.  1,  p.  2S. 


ifEuppfrt/,   W.,   Electrocbetnical   and   M«tallurgicnl   Industry,    1906,   vol.   i 
35;   HeUIlurrie  Nob.  17,  IS,  19,  21,  and  22,  1904. 

cRunUr.  M.  A.,  Metallic  Titanium,  Jour.  Amer.  Chem.  Soc.,  1010,  vol. 
pp.  330-33G;    KenMelaer  Pol;.  InBt.,  Eng.  and  Sci.  Seriea  No.  I,  Feb.   I,  1911. 
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method,  but  his  best  results  gave  a  csrbon  content  of  4.6  per  cent.  Later, 
by  nsiDg  the  method  of  Nilson  and  Peteraaon  and  exercising  extraordinary 
care  to  exclude  air  from  the  apparatus.  Hunter  succeeded  in  producing 
metallic  titanium  practically  free  from  impurities. 

The  titanium  tetrachloride  used  was  prepared  by  chlori nation  of 
titanium  carbide,  the  chloride  formed  being  refluxed  in  a  current  of  nitrogen 
to  remove  chlorine  and  then  repeatedly  distilled  with  the  rejection  of  end 
fractions.  The  fraction  boiling  between  136°  and  137°  was  shaken 
repeatedly  with  mercury  and  sodium  amalgam,  and  redistilled  to  give  a 
water  white  product  boiling  at  constant  temperature. 

The  reaction  was  carried  out  in  a  steel  bomb,  capable  of  withstanding 
a  total  internal  pressure  of  80,000  pounds,  and  having  a  capacity  sufficient 
to  accommodate  500  grams  of  titanium  tetrachloride  and  the  845  grams 
of  sodium  theoretically  required  for  the  reduction.  The  bomb  vrith  itt 
charge  was  brought  to  a  low,  red  heat,  then  cooled  and  its  contents  leached 
with  water,  the  residue  consisting  of  metallic  titanium,  partly  in  the  form 
of  a  fine  gray  powder  and  partly  in  small  metallic  beads.  The  reaction 
inside  the  bomb  is  supposed  to  be  almost  instantaneous  and  the  heat  of 
the  reaction  is  sufficient  to  melt  part  of  the  titanium  into  small  beads. 
Two  analyses  of  these  beads  gave,  respectively,  99.9  and  100.2  per  cent 
titanium,  and  no  trace  of  iron  or  sodium  could  be  found.  The  amount  of 
titanium  produced  by  this  method  was  90  per  cent  of  the  metal  that 
theoretically  should  have  been  obtained  from  the  titanium  tetrachloride 
placed  in  the  bomb. 

COHPOTTNItS  OF  TITANHTIL 

According  to  Browning^  the  following  are  typical  compounds  of 
titanium:  Oxides,  TiO,  TijO,,  TijO,,  Ti,0,j,  TiO,,  TijO,,  TiO,;  hy- 
droxides, Ti(OH)„  Ti(OH),;  chlorides,  TiCl,,  TiCl,;  bromide,  TiBr,; 
iodide.  TiI^;  fluoride,  TiF, ;  titanofluorides.  E^TiF,,  etc.;  sulphides, 
Ti^Sj,  TiS,;  sulphates,  Ti,(SO,)„  Ti(SO,),;  nitrides,  Ti,N„  Ti,N„ 
TiN,;  carbide,  TiC;  silicide,  TiSi;  titanates,  RTiO„  RjTiO,;  acids 
(see  hydroxides),  HjTiO,. 

For  the  methods  of  separation  of  titanium  and  the  preparation  of  its 
salts,  and  its  detection  and  estimation  in  materials,  the  reader  is  referred 
to  the  standard  text-books  and  treatises  on  chemistry.  The  methods  by 
which  elementary  metallic  titanium  may  be  obtained  are  given  on  pages 
9  to  4. 

oBrowning,  P.  E.,  Introdnctinn  to  the  Rnrer  Elements.  New  York,  2d  ed.,  1909, 
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MIK£KAL06ICAL  FORKS  OF  TITAlTEirX. 

Titanium  is  a  characteristic  constituent  of  certain  pyrogenetic  com- 
pounds. It  enters  as  an  element  into  thie  composition  of  many  minerals 
but  very  rarely  in  considerable  quantity  in  any  one  locality.  It  occare  in 
a  variety  of  mineralogical  forms,  chiefly  as  oxides,  titanates,  and  ailico- 
titanates ;  in  many  silicates,  and  in  some  niobates  and  tantalates.  Titanium 
occurs  as  oxide  (rutile  chiefly)  in  some  rock  magmas  rich  in  silicon  and 
relatively  poor  in  the  base-fonning  elements;  as  titanates  it  combines 
with  calcium  and  silicon  in  most  rock  magmas  in  which  there  is  sufficient 
calcium  and  titanium  to  form  calcium  titanate  (perovskite) ,  and  in  magmas 
lowest  in  silicon  and  richest  in  iron  it  combines  with  ferrous  iron  to  form 
iron  titanate  (ilmenite) ;  and  as  silicates  it  either  replaces  silicon  in  the 
acid  radical  or  enters  as  a  weak  base-element.'* 

Titanium  is  frequently  present  in  iron  ferrate  (magnetite)  and  ferric 
oiide  (hematite)  in  variable  amounts.  It  is  frequently  present  in  small 
amounts  in  biotite,  amphiboles,  augite,  certain  species  of  garnet,  and  in 
some  other  silicate  minerals.  It  has  been  found''  in  some  mineral  waters, 
in  some  varieties  of  coal,  in  meteorites,  and  has  been  detected  in  the  sun's 
atmosphere  by  means  of  the  spectroscope.  It  has  been  found  in  the  ash 
of  certain  varieties  of  wood,  in  cowpeaa,  and  cotton-seed  meal,  and  in  tlie 
bones  of  animals. 

TZTANnTK  ORES. 

The  commercial  source  of  titanium  is  entirely  limited  to  the  titanium 
ores,  of  which  there  are  only  three  at  present,  namely,  mtile,  ilmenite,  and 
titanium-rich  magnetite.  Many  of  the  titaniferous  magnetites  are  too  low 
in  titanium  to  be  of  commercial  value.  Although  titanium  is  rather  widely 
distributed  in  a  variety  of  mineralogical  forms  the  only  three  that  occur 
in  nature  in  sufBcient  quantity  to  be  of  commercial  value  axe  the 
oxide  (rutile),  the  titanate  (ilmenite),  and  the  titanium-rich  iron  ferrate 
(titaniferous  magnetite).  Many  other  forms  of  titanium  occur  but  they 
are  either  too  rare  or  complex  in  composition,  or  are  not  found  in 
sufficient  quantity  to  be  of  value,  and  are  interesting  chiefly  on  acconnt 
of  their  chemical  and  mineralogical  characters.  Titaniferous  magnetites 
occur  in  large  quantity  at  a  number  of  localities  but  they  are  variable  in 

■IddingB,  J.  p..  Igneous  Bocks,  New  York.  1909,  vol.  I 
bBukerrille.   CIibb.,   On  the   Univeraat   DJetribution  c 
Chem.  Soc.,  180)1.  vol.  \si.  p.  10B9. 

Browning,  P.  E.,  Introduction  to  the  Rarer  Elements,  New  Yoric,   1809,  : 

•d.,  p.  B7. 
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compoBition,  ranging  from  a  fraction  of  1  per  cent  to  inoi-e  than  20  p<;r  ifiit 
of  TiO,.  Moat  of  the  ferrotitanium  manufactured  at  present  is  made 
either  from  titanium-rich  magnetite  or  ilmenite,  chiefly  because  they  nr« 
cheaper  than  nitile.  Both  rutUe  and  ilmenite  occur  in  Virginia  in  sufficient 
quantity  to  be  of  commercial  value,  and  while  titaniferous  magnetites  are 
found  in  the  crystalline  region  of  the  State  their  extent  and  composition 
are  imperfectly  known. 

The  general  propertiea  (physical  and  chemical)  and  occurrence  of  rutik'. 
ilmenite,  and  titanium-rich  magnetite  are  briefly  described  below.  The 
properties,  relationships,  associations,  and  mode  of  occurrence  of  rutile  and 
ilmenite  as  found  in  the  Virginia  areas  form  the  basis  of  this  report.  The 
titaniferous  magnetites  are  not  considered  in  this  report  but  will  be 
included  in  a  forthcoming  bulletin  by  the  State  Geological  Survey  on  the 
iron  ores  of  Virginia. 

OXIDBB. 

There  are  many  o.vides  of  titanium  occurring  in  nature  but  only  one 
of  them,  rutile,  is  important  as  an  ore. 

lluHle. — Rutile  crystallizes  in  the  tetragonal  system  commonly  in 
prismatic  crystals  vertically  striated  or  furrowed;  often  slender  aciuular. 
It  is  also  compact,  massive  to  coarse  and  fine  granular.  Twinning  is  fre- 
quent and  of  several  kinds.  Cleavage  distinct;  fracture  subconchoidul  to 
uneven.  Brittle,  Hardness  6  to  G.5.  Specific  gravity  4,18  to  4.25;  also 
to  5.3  in  a  black  variety  containing  10  per  cent  FeO.  Lustre,  metallic- 
adamantine.  Color  reddish -brown,  passing  into  red;  sometimes  yellowish, 
bUiish,  violet,  black,  rarely  grass-green.  Streak  pale  brown.  Trans|»arr'n1 
to  opaque. 

The  chemical  composition  of  rutile  when  pure  is  TiOj  corresponding  to 
o.vygen  40  per  cent,  titanium  60  per  cent.  A  little  iron  and  vanadium  are 
usually  present,  the  former  ranging  up  to  10  per  cent;  less  often  a  little 
chromium  and  tin.  Rutile  is  insoluble  in  acids,  and  infusible  before  the 
blowpipe.    Molecular  weight,  80.1;   molecular  volume,  19.1. 

Rutile  occurs  in  igneous,  metamorphic,  and  sedimentary  rocks.  In 
igneous  rocks  it  occurs  both  as  a  pyrogenetic  constituent  and  as  an  altera- 
tion product.  It  is  common  in  the  metamorphic  rocks,  such  as  gneisses, 
mica -schists,  amphibolites,  and  phyllitea,  and  sometimes  in  granular  lime- 
stone  and  dolomite."  It  also  occurs  in  some  sedimentary  rocks,  in  some 
rocks  produced  by  contact  metamorphism,  and  in  veins  both  metalliferous 


ulddinga,  J.  P.,  Rook  Minerals.  New  York,  1906,  p.  41)8. 
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and  nonmetalliferous.''  According  to  Emmons''  rutile  is  formed  in  igneouB 
rocks,  in  pegmatite  dikes,  in  contact  metamorpbic  deposits,  io  deposits  of 
the  deep  vein  zone,  and  as  a  product  of  dynamo-regional  metamorphism. 

Rutile  is  fonned  as  a  secondary  tnineral,  derived  from  ilmenite  and 
titaaite,  and  sometimes  from  certain  ones  of  the  ferromagnesian  silicates, 
especially  biotite.  It  is  relatively  a  very  stable  mineral,  but  sometimes 
alters  to  leucoxene  and  is  sometimes  accompanied  by  the  formation  of 
ilmenite. 

TITANATE8. 

Of  the  many  forms  of  titanates  only  one,  ilmenite,  is  important  as 

Ilmenite. — Ilmenite  is  a  heavy,  black  mineral  crystallizing  in  the 
hexagonal  system.  It  is  rarely  seen  in  good  megascopic  crystals  in  rocks, 
but  usually  occurs  in  embedded  grains  and  masses,  sometimes  in  plates 
of  irregular  to  hexagonal  outline,  and  loose  as  sand.  Cleavage  not  developed. 
Fracture  eonchoidal;  brittle.  Color  iron-black,  sometimes  with  faint 
reddish  to  brownish  tinge;  lustre  metallic  to  submetallic;  streak  black 
to  brownish-red.  Opaque.  Hardness  5  to  6;  specific  gravity  4.5  to  5. 
Slightly  magnetic,  but  variable. 

The  chemical  composition  of  ilmenite  is  variable.  If  normal  the 
mineral  is  expressed  by  the  formula  FeO.TiO,,  corresponding  to  FeO, 
47.3  per  cent,  TiO„  52.7  per  cent.  There  is  an  isomorphous  series 
(Fe,Ti)20j  with  variable  amounts  of  iron  and  titanium  grading  to 
hematite.  Sometimes  contains  magnesium  replacing  ferrous  iron.  Many 
analyses  of  ilmenite  do  not  correspond  to  tlie  formula  given  above,  hut 
approximate  more  closely  to  the  one  suggested  by  Rammelsberg, 
FeO.TiOj.nFe,0,.  (See  pages  223-226  for  a  discussion  of  the  Virginia 
ilmenite.)  Recent  studies  of  ilmenite  from  some  localities  suggest  that 
the  ferric  oxide  present  in  the  mineral  is  not  in  chemical  combination,  but 
is  mechanically  admixed  as  inclusions  or  intergrowths  of  hematite.  Very 
difficultly  fusible  before  the  blowpipe;  becomes  magnetic  in  the  reducing 
flame.  Fused  with  sodium  carbonate,  dissolved  in  hydrochloric  acid,  and 
the  solution  boiled  with  tin  becomes  violet,  showing  titanium.  Difficultly 
soluble  in  acids;  decomposed  by  fusion  with  bisulphate  of  potash.  Molecu- 
lar weight,  162;  molecular  volume,  30.4. 

oWinchell,  N.  H.  und  A.  N.,  GlemenU  of  Optioil  Mineralogv.  Npw  Ynrk.  \fm, 
p.  347. 

bEmmoiiH.  W.  H..  A  Genetic  ClBasifleotion  of  Minerals,  Econ.  Geologj',  1008,  vol. 
iff,  p.  621. 
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limeDite  is  a  widely  distributed  mineral,  occurring  as  a  common  con- 
stituent in  igneous  rocks  from  graoite  to  gabbro  and  related  rocks  and  their 
lava  forms.  It  occurs  in  these  rocks  in  the  same  manner  aa  magnetite 
which  it  often  accompanies.  It  is  similarly  found  in  many  metamorphic 
rocks,  especially  gneiss,  mica-echist,  and  ampMbolite.  According  to 
Lindgren**  and  Emmons^  ilmenite  is  formed  in  igneous  rocka,  in  pegma- 
tites, in  contact  metamorphic  deposits  under  regional  metamorphic  con- 
ditions, and  in  deep  veins.  Ilmenite  in  rocks  closely  resembles  hematite 
and  magnetite,  and  unless  the  grains  are  of  such  size  that  they  can  Ije 
safely  tested,  the  discrimination  of  these  minerals  in  rock  sections  is  oot 
always  possible.  The  most  important  occurrences  of  ilmenite  are  in  the 
coarser  grained  gabbros  and  anorthoeites  where  the  mineral  is  very  common. 
and  is  not  infrequently  segregated  in  places  into  large  masses. 

Inmenite  in  rocks  commonly  alters  to  a  whitish,  yellowish,  or  brownisli 
aggregate,  which  is  highly  refracting  and  when  transparent  highly  double 
refracting,  usually  called  leucoxene,  sometimes  titanite.  It  alters  some- 
times to  carbonate  with  the  separation  of  rutile,  a  change  which  appears 
to  be  confined  to  certain  phjilites. 


Magnetite. — Magnetite  crystallizes  in  the  isometric  system,  most  com- 
monly in  octahedrons,  also  in  dodecahedrons,  and  in  a  combination  of  both. 
It  is  also  noted  in  rocks  as  irregular,  formless  grains  of  variable  aize  and 
at  times  forms  large  masses.  Cleavage  is  not  distinct,  but  octahedral 
parting  is  often  highly  developed.  Fracture  uneven;  brittle.  Streak, 
black;  opaque.  Color  iron-black;  lustre  metallic;  strongly  magnetic, 
sometimes  showing  polarity.     Hardness  5.S  to  6.5 ;   specific  gravity  5.2. 

Magnetite  corresponds  in  chemical  composition  to  FeO-FcjO,,  contain- 
ing FeO,  3.10  per  cent,  and  Fe,0,,  69,0  per  cent.  In  many  localities  the 
mineral  contains  TiO,  (titanifcrous  magnetite)  ranging  in  amount  up  to 
20  per  cent.  Only  the  titanium-rich  magnetites  are  important  in  this 
connection.  The  titanium  in  the  magnetite  of  several  localities  has  been 
shown  recently  to  be  present  in  the  form  of  ilmenite  mechanically  admixed 
with  the  magnetite  as  inclusions  or  intergrowths.  Difficultly  fusible  before 
the  blowpipe,  becoming  nonmagnetic  in  the  oxidizing  flame;  slowly  soluble 
in  hydrochloric  acid.    Molecular  weight  2;(0.32;   molecular  volume  44.510. 

xLindgi'en,  W.,  The  Kelation  of  Ore-Deposition  to  Phvejcal  Conditions.  Econ. 
■Geologj-,  1007,  vol.  ii,  p.  126. 

bEinnions.  \V.  H.,  A  Genetic  ClaHsifloation  of  Minerals,  Econ,  Geology,  IMS,  vol. 
iii,  p.  Q21  et  seq. 
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Magnetite  is  one  of  the  most  widely  distributed  of  minerals.  It  occurs 
as  a  pyrogenetic  mineral  in  all  kinds  of  igneous  rocks,  ranging  from  scant 
disseminatioDB  of  small  grains  and  crystals  of  microscopic  dimensione  to 
segregated  masses  of  considerable  size.  It  is  found  similarly  in  the 
crystalline  schists,  and  in  many  of  its  occurrences  magnetite  is  often 
intimately  associated  with  ilmenite.  Large  bodies  of  titaniferous  magne- 
tite, associated  usually  with  gabbroic  rocks  and  regarded  as  magmatic  segre- 
gation deposits,  occur  in  the  Adirondacks  region  of  New  York,  in  Canada, 
and  in  northern  Europe. 

According  to  Emmons"  magnetite  is  formed  in  igneous  rocks,  in  pegma- 
tite dikes,  in  contact  metamorphic  deposits,  in  the  deep  vein  zone,  as  a 
product  of  dynamo-regional  metamorphism,  and  as  a  secondary  mincnil 
in  zones  of  oxide  and  sulphide  enrichments.  Magnetite  alters,  according  to 
\'aii  Hise,*  into  iiematite,  limonite,  and  siderite;  the  changes  taking  place 
with  the  expansion  of  volume,  liberation  of  heat,  and  decrease  in  symmetry. 

TABLE  OF  TITANIUM   tillKERALS. 

The  titanium  minerals  listed  below  have  been  recognized  in  nature  and 
described. 

oEmmoiis,  \V.  H.,  A  Genetic  Clnssiflcation  of  Minerals,  Econ,  GeoloKV,  190S,  vol. 
iii,  p.  620. 

fiVan  Hise,  C.  E.,  A  Treatise  on  Metamorphism,  Mon.  xlvii,  U.  S.  Geol.  Survey. 
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10                      (iKOLOBY    OP   ' 

FHE   TITANMUM    AND   APATITK   DKP0SIT8. 

Titanium  Minerais." 

Mineral 

Composition 

Contains 
TiO> 

Oxides: 

Rutlle"  

Octabedrite 

(anatase)    

Brooklte"  

Titano-magnetite  

•■jTiO.   

..  TiO,   

..TiO,   

..:Magnetite  (Fe.O.)  with  variable 

I'er  ctni. 

.  100 

.  ion 
■  ion 

Tltauates: 
Ilmenite'    

. .  FeTiO, 

up  to  25 
.J52.7 

Pe.(T10.).    ..     . 

Arizonfte   

..Fe.0..3TiO,  or  Fe,Ti.O 

...RO.TiO,.    Closely  related  to  perov 

.58.8 

.  54.1-58.7 
.40.8 

Ifiorite   

Titaoosillcates: 
Titanite*    

..|PpTi,0.    

..CaTiSiO.    

Keilhaalte    

..ll5CaTi.SiO,.(Al.Fe.Yt,(Si,Ti)0,  .... 
ICaTiSiO.     . 

.  26.7-36.6 
■  140.8 
.  16.1-21.2 
7.1-13.6 
.    S.fi 

.     I'ndeter- 
mined 

ketlhanlte 

,     Undeter- 

mined 

Tscheffkinite   

Astrophylllte    

Aenfgmatlte  

.  .Related  to  kellhauite  but  uncertain. 

..  (Na.KI.{Pe.Mn),THStO.) 

..2Na.O.9PcO.AlFe0..12(Si.Ti)0,    .. 

Lamprophyllite 

. .  Related  to  aatrophyllite 

metals.  Ca  anil  Na  chiefly,  with  Ti 
and  F 

.  7.fi 
5.3-9.9 

13.4 

18.98 

18.1 

.19.3 
.35.2 

49.7 
68.9 

,50.0+ 

Mosandrite 

Rinklte    

. .  Very  near  Johnatrupfte 

..  BaTiSi.O, 

T^renzenite  

Yttroprasite  

Delorenzfte    

Davidite  

..  Na,(TiO.)Si,0,    

. .  A  hydrous  titanate  of  the  yttrlun: 

earths  and  thorium 

..2FeO.UO,.2Y,0,.24TiO.(?l  

..TiO,   with  Pe,  U.   V.  Or,  and  ran 

Xar^arsukite   

. .  Apfd  titano-silicate  of  ferric  iron  an<i 

Nfobntcs  and  Tantalafes : 

..  RNb.O..B(TI.Th)O..NaF  

..  H,Nb.O.  =  .K,(Ti.Th).0..    

..  R((Nb.Ta)0.1,.5R  UTi.ZrlO,), 

5.4-13.6 
21.2 
,18.9 

Acsehjnite    

I'olymfKnite    

oCoinpited  from  Dann.  E.  8.,  A  System  of  Mineralo)^;    Hintze,  C,  Handhuch  der 
iiiproli^pi    and  ntlier  soiirci'i*. 
ftVariptics  nmitted. 
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TITANIUM    MINERALS. 

'ritaiiium  Minerals  (Continued). 


NiobatcsADdTantalates:  Per  cent. 

Euxealte    JRiNbO.l..  B.(TiO,)..   !|- H,0 20.r>-23.5 

Polycraae    It(NbO.)..2H,  (TiO.I,.3H,0 |25.2-29.3 

Blomstrandite    A  niobate.  tantalate,  and  tltanate  of  i 

uranium   10.7 

Dysanalyte   6RTiO..RNb,0 40.6-59.3 

Strilverlte FeO(Ta.Cb(,0..(lTiO,(?l 144.0 

Epistolite    ;Nb,O..SIO,.TfO,.  Na,O.H,0(?)....    7.2 

Blomstrandioe- 
Priortte   NIobates  and  titanates  o(  Y,  Er,  Ce, 

and  U 21.9-32.9 

Marignacite   Same  as  pyrochlore 2.9 

nmenonitfle  FrO.Nb,0,.5nOi    153.0-73.8 

Silicates:  i 

Amphibole    CaR,(!Si0.t..     Variable  amounts  of 

TiO,   !  As  much 

as  8.5 

Pyroxene    CaR(SfOi)i.     Variable  amounts  of' 

TiO,    As  much 

as  4fi 

Blotite    (H.K),(Mg,Fe),(AI.Pel,(Si0.t,. 

Variable  amounts  of  TIO, ,   Varinble 

I  up  to  17 

•   (.epidomelanc    Iron  mica,  with  variable  amounts  of 

;      TiO,    Variable 

BoBenfauschite   iiCaSiO-.2NajZK).F>.(TiSiO,.TIO,)    (jT"!?    " 

Titanollvlne   Olivine  (Mg.Pe),8IO.  with  variable 

TIO,    35-f,l 

.Andrartitc    Ca,Fe,(SIO.),;  also  Ca.Pe, 

(ISI.TIIO.).  with  variable  TIO...     Varinble 

Ltucosphenitc    ;Na.Ba(TiOJ(Si,0.),    132 '**      ' 

RiiBnite :iCa.Na=,K,),Mg.Pe,Pe.Al. 

fSi.TD.O,.    9.5 

UiwellaDeoa.<): 

HrdrotJtanite  Altered  form  of  dysanalyte s-tg 

Warwictltc  Perhaps    6MeO.Fe0.2Ti0..3B,0,. ..  ^^ 

Zirkellt*  lCa.Pe)0.2(Zr.Ti.'ni)0,    1495 

Derbylfte    ilFe0.5TiO,.Sb,0.    34B 

"wislte   5("80.2Ti0..3Sb.O.    117 

Mauzeliite    4(0a.Pb)O.TiO,.2Sb,0 7.9 

Halnite  Composition  doubtful,   probably  al- 
lied to  mosandrite Undetor- 

-^n»ite  IFi-.l'b)<).2iTi.MDlO,.    Uncertain. ...  57.2 
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li  «i:OLOGY    OF   THE   TITANIUM    AND   APATITE    DEPOSITS. 

Ot  the  large  number  of  titanium-bearing  miner&la  enumerated  in  tW 
table  above,  most  of  them  are  rare,  and  are  only  of  scientific  interest.  The 
largest  concentrations  of  titanium  are  as  oxide  (rutile),  iron  titanatc 
(ilmenite),  and  iron  ferrate  (magnetite).  At  present  rutile  (titanium 
dioxide)  is  the  principal  source,  commercially,  of  titanium. 

In  the  Virginia  areas  titanium  occurs  as  concentrations  of  commercial 
grade  and  quantity  in  two  mineralogical  forms,  dioxide  (rutile)  and  iron 
titanate  (ilmenite).  Titanium  also  occurs  in  the  same  localities  in 
different  mineralogical  form  as  an  alteration  product  (leucoxene)  derived 
from  both  rutile  and  ilmenite,  and  as  an  original  iron  ferrate  (magnetite), 
and  occasionally  as  a  pyrogenetic  mineral  (titanite)  in  the  rutile-bearing 
rocks. 

SISTRIBUTION  AHD  OCCURRENCE  OP  TITANnrU. 

Titanium-bearing  minerals,  of  which  there  are  many  (see  pages  10-111, 
occur  in  a  variety  of  associations,  are  widely  distributed,  and  in  sucb 
quantities  as  to  make  titanium  a  relatively  abundant  element.  Clarke's* 
estimate  of  titanium,  in  1891,  in  the  solid  cruat  of  the  earth,  was  0.33 
per  cent,  equivalent  as  oxide  to  0,55  per  cent.  In  1900,  he  revised  his 
estimate  increasing  the  amount  of  titanium  to  0.41  per  cent,  equivalent  as 
oxide  to  0.60  per  cent,  giving  titanium  ninth  place"  in  the  scale  of  abundaoce 
and  standing  next  to  potassium.'  Van  Hise'  gives  the  amount  of  titanium 
in  78  shales  as  0.65  per  cent,  in  634  sandstones  as  0.33  per  cent,  and  in 
843  limestones  as  0.07  per  cent.  He  says:  "It  thus  appears  that  as  com- 
pared with  the  original  rocks  the  amount  of  titanium  ia  somewhat  increased 
in  the  shales,  is  reduced  to  a  little  more  than  one-half  in  the  sandstones, 
and  is  less  than  one-eighth  in  the  limestones"  (p.  975).  Estimating  the 
amount  of  titanium  in  the  original  igneous  rocks  by  that  in  the 
sedimentary  rocks.  Van  Hise  obtains  0.525  per  cent  which,  as  he  states. 
accords  well  with  the  actual  amount  estimated  by  analyses  in  the  original 
igneous  rocks,  0.55  to  0.60  per  cent  (p.  975).  Dunnington''  has  shown  ihi" 
widespread  distribution  of  titanium  in  soils  and  clays.  Hntile  is  usually 
assumed  to  be  the  form  in  which  the  titanium  occurs  in  clays.  It  mav  lie 
seen  under  the  microscope  in  many  fire  clays,  and  analyses  sometime:? 

naerke.  F.  W.,  Bull.  No.  T8,  U.  S.  Geol.  Survey.  1891.  p.  39. 

bClarke.  F.  W..  Bull.  No.  188,  U.  S.  Gw>l.  Survey,  IBOO,  p.  15. 

oVau  Hise.  C.  R.,  A  Treatiae  on  ItleUmorphiini,  Mon.  xlvii,  U.  S.  0«>1.  Survey. 
1904,  pp.  «74-97fi. 

dDunningtoD.  F.  P.,  Distribution  of  TiUnic  Oxide  upon  the  Surface  ot  Ui» 
Earth,  Amer.  Jour.  Svi..  1891   (3il  ner.),  vol.  42.  pp.  491-495. 
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DISTRIBUTION    AND  OCCDBRENCE  OF   TITANIUM.  13 

show  the  preeenre  of  TiO,  to  the  extent  of  2  per  cent."    In  i-ome  of  tlie 
bauxitic  clays  of  Georgia,*  TiO,  exceeds  9  per  cent. 

Titanium  is  not  the  rare  element  that  it  wae  formerly  considered.  It 
IB  almost  invariably  present  in  igneons  rocks,  usnally  io  very  small  amounts, 
and  in  the  sediments  derived  from  them.  It  occurs  in  largest  amounts  in 
rocks  lowest  in  silicon  and  richest  in  iron.  Except  silicon,  titanium  ia  a 
commoner  element  in  igneous  rocks  than  either  of  the  other  members  of  the 
titanium  group.  Out  of  800  igneous  rocks  analyzed  in  the  laboratory  of 
the  United  States  Geological  Survey,  784  contained  titanium."  Concerning 
its  occurrence  in  igneous  rocks  Washin^n  says:'' 

"It  (titanium)  is  much  more  ahundant  io  bade  than  in  atid  rocks,  and  its 
afBnitiei  in  the  magma  seem  to  be  decidedly  rather  with  iron  than  with  magnesium, 
and  Btiil  less  with  lime.  While  it  is  not  commonly  as3ociBte<l  with  alkalic  rocks, 
yet  when  these  are  low  in  silicon,  it  shows  a  tendency  to  be  present  in  considerable 
amount  when  the  rock  is  sodic,  as  indicated  by  recent  rode  analyses;  and  this 
tendency  to  association  of  titanium  with  sodium  appears  mineral ogically,  as  in  the 
aodi  amphibotes,  some  of  which  are  highly  titaniferous,  and  in  certain  rare  minerals, 
utrophyllibe  and  roBenbuschite.  Highly  potaasic  Mid  highly  calcic  rocks  seldom 
show  large  amounts  of  titanium,  though  most  of  the  mineral  titanates  contain 
calcium  as  the  base." 

Mineralogically,  the  commonest  occurrences'  of  titanium  in  rocks  are  as 
titanite,  ilmenite,  mtile,  and  perovskite.  Titanium  is  often  concentrated 
in  beds  of  titanic  iron  ore. 

aRj«s,  H.,  Clays,  New  York,  1008,  2d  ed.,  p.  68. 

hWatson.  Thomas  L.,  Bauxite  Deposits  of  Georgia,  Bull.  No.  II,  Oa.  Qeol. 
Surrey,  IWM. 

oClnrke,  F.  W.,  The  Data  of  Geochemistry,  Bull.  4BI,  U.  S.  Geol.  Survey, 
1811,  p.  20. 

invashington,  H.  S.,  The  Distribution  of  Elements  in  Igneous  Rocks,  Trans, 
-imer.  Inst.  Mng.  Engrs.,  1908,  vol.  xxxix,  p.  756. 

fClarke,  F.  W.,  Loc.  cit.,  p.  20. 
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OCCURRENCE    AND    GEOGRAPHIC    DISTRIBUTION    OF 
RUTILE  WITH  DESCRIPTION  OF  AREAS 

HODE  OF  OCCUKREHCE. 

OENBRAL  8TATEMBNT. 

Kutile  occurs  in  all  varieties  of  rocks,  igneous,  metamorphic,  and  sedi- 
mentary, commonly  as  short,  stout,  and  elongated  prisma  frequently  showing 
striations  on  the  prism  faces,  as  acicular  hairlike  foime,  and  as  formless 
grains  and  masses  of  variable  size.  Uan;  of  its  occurrences  in  rocks  are  of 
microscopic  proportions,  chiefly  as  inclusions  in  the  rock-forming  silictite 
minerals.  Less  often  it  occurs  in  granular  masses  sufficiently  concentrated 
to  be  of  commercial  importance.  It  is  frequently  observed  in  bairlilce 
crystals  penetrating  quartz,  and  sometimes  as  reticulated  platelike  masses 
of  elongated  crystals  referred  to  as  sagenite. 

Rutile  is  a  pyrogenetic  constituent  of  igneous  rocks,  and  according  to 
Van  Hise"  "has  widespread  occurrence  in  clastic  and  metamorphic  rocks, 
both  as  an  allc^enic  and  as  an  autogenic  constituent,  in  the  latter  case 
generally  being  derived  from  ilmenite."  It  may  be  derived  from  brookite, 
ilmenite.  octahedrite,  and  titanite. 

Classified  genetically  rutile  is  formed  ns  a  product  of  (1)  igneous  rocks 
— crystallization  from  magma,  (2)  pegmatite  dikes,  (3)  contact  meta- 
morphic deposits,  (4)  the  deep,  middle,  and  upper  vein  zones,  and  (5) 
dynamo-regional  metamorphism.^  Lindgren"  classified  rutite  as  one  of  the 
"persistent  minerals"  (persistent  from  igneous  conditions  to  near  the  sur- 
face), and  lie  lists  the  mineral  as  being  formed  under  igneous  conditions, 
pegmatitic  conditions,  contact  metamorphic  conditions,  deeper  vein  zone, 
and  middle  and  upper  vein  zone. 

Of  the  several  occurrences  listed  above  (1)  and  (8),  and  rarely  (3) 
and  (5),  constitute  the  principal  sources  of  rutile, 

ROCK   A8SO0IAT10NB. 

Iijneous  rods. — Rutile  has  been  observed  in  most  of  the  principal  types 
of  ipneous  rocks,  commonly  as  an  accessory  constituent,  including  rocks  of 

"Van  Hise,  C.  R.,  A  Treatise  on  MetamorphiBm,  Mod.  xlvii,  U.  S.  Oeol.  Surre;, 
1904.   p.  230. 

ftLindgren,  W.,  The  Relation  of  Ore- Deposition  to  Physicnl  Conditions,  Econ. 
Geology.  1S0T,  vol.  ii,  pp.  109,  123.  12S. 

Emmons,  W.  H.,  A  G«netic  CI  nasi  t1  cat  ion  of  Minerals,  Econ.  Geolo^,  1008, 
vol.  iii,  pp.  621,  026. 

Van  Hise,  C.  R.,  Loc.  pit,  1»04,  p,  230,  etc. 
cLindgren,  W.,  I,oc.  cit„  pp.  108,  128,  126. 
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acid,  basic,  and  intermediatL'  coniposition.  Its  grains  and  crystals  are 
usually  of  microscopic  siw,  though  not  uncommonly  of  macroscopic  dimen- 
sions. It  occurs  in  intrusive  or  plutonic  igneous  rocks,  such  as  granite, 
syenite,  and  gabbro;  and  in  effusive  or  voluanic  rocks,  such  as  andesite  of 
Pachnca,  Mexico,  Assuk,  Greenland,  and  Pack  Saddle  Island,  Cape  Horn." 

Most  of  the  known  larger  deposits  of  rutile  that  are  of  commercial 
importance  are  associated  with  gabbro  (including  anorthoaite),  chiefly 
as  magmatic  differentiation  deposits.  Occurrences  of  this  type  include 
tliose  of  the  Amherst-Nelson  counties  area  in  Virginia,  which  in  major 
part  form  the  subject  of  this  report  (pages  42-334),  the  Bay  St.  Paul 
area  in  Quebec,  Canada  {pages  31-33),  and  the  Kragero  area  in  southern 
Xorway  as  aplite  cutting  gabbro  (pages  37-41),  A  second  important  and 
new  occurrence  of  nitile  is  found  in  the  Amherst-Nelson  counties  area, 
Virginia,  as  dikelike  bodies  of  an  even-granular,  ultrabasic  igneous  rock 
(nelsonite^)  composed  essentially  of  the  ore  minerals  ilmenit«  and  apatite 
with  sometimes  rutile  as  the  dominant  mineral  (pages  100-155). 

Rutile  sometimes  occurs  in  igneous  rocks  in  hairlike  crystals  pene- 
trating the  rock-forming  minerals,  such  as  quartz  in  granite,  etc.,  and  in 
long  needles  penetrating  andesite  from  tlie  localities  mentioned  above. 

Sedimentary  roots.- — Because  of  its  resistance  to  atmospheric  agencies 
nitile  is  a  frequent  mineral  in  beds  of  sand  and  gravel,  and  in  the  residual 
ditay  derived  from  the  weathering  of  crystalline  rocks  in  which  it  originally 
occurred.  It  is  common  as  grains  in  many  gold-bearing  sands  and  gravels, 
in  the  monazite  sands  of  the  Carolinas,  and  in  similar  sands  composed  of 
heavy  resistant  minerals  from  various  localities.  In  the  investigation  of 
the  black  sands  of  the  Pacific  slope,*^  by  the  U.  S.  Geological  Survey,  rutile 
was  reported  as  a  minor  constituent  in  the  sands  of  some  localities. 

Mefamorpkic  rocks. — Butile  has  been  reported  as  occurring  in  most 
classes  of  nietaiuorphic  crystalline  rocks.  It  is  described  as  iieing  of 
common  occurrence  in  gneiss,  mica  schist,  phyllites,  and  sometimes  in 
granular  limestone  and  dolomite.''  ClarkC  quotes  A.  Bergeat  on  the  ol>ser- 
vaiion  of  rutile,  ilmenite,  and   titanite,  which  had   formed   as  u   single 

alildirgs,  .1.  P.,  Rook  MincralB,  New  Yoric,  1906,  p.  408. 

ftWatsoD,  Thomas  I..,  Mineral  Besounvs  of  Virginia.  1007,  p.  300. 

Watson,  Thomaa  L.,  and  Taber,  8.,  The  Virginia  Hutile  Deposits,  Bull.  J30. 
V.  S.  Geol.  Survey,  1000,  Part  I,  pp.  206-207. 

cMineral  Resourcei  of  the  United  States,  Calendar  Year,  lOOS,  pp.  1176-1258. 
dDana,  E.  S.,  A  System  of  Mineralogy,   1600,  p.  2311. 

Clarke,  F.  W.,  Bull.  No.  330,  U.  S.  Geol.  Survev,  1008,  p.  200. 

Iddings,  J.  P..  Op.  cit..  1006.  p.  408. 
-■narke.  F.  W..  Op.  cit.,  p.  290. 


sdbyGoOgle 


Iti  (iKOLOHY    OF   THE   TITANIUM    AND   APATITE   DEPOSITS. 

generation  and  c-rystallized  before  the  rutile.  in  a  hornblende  gneiss  from 
Freiberg.  As  a  secondary  prodnct  rutile  is  common  in  many  Elates  in  the 
form  of  microlites. 

In  addition  to  the  types  of  metamorpliic  rooks  mentioned  above,  rutile 
is  a  frequent  constituent  of  some  quartzitea,  especially  some  of  the  Piedmont 
quartzites  of  Qeoi^ia,"  the  Carolinaa,  and  Virginia.*  Of  tho  occiirrenccs 
of  rutile  in  the  Piedmont  quartzites,  the  most  noteworthy  one  is  Grares 
Mountain,  Ijincoln  County,  Georgia,  where  rutile  is  found  with  an  interest- 
ing association  of  rather  uncommon  minerals  (see  pages  23-37). 

Oiher  fornix  of  occurrence,  veins,  pegmatites,  etc. — In  Norway  and 
Sweden  rutile  is  reported  aa  an  important  constituent  at  times  in  apatite 
veins  which,  according  to  Vogt,"  are  of  pneumatolytic  character  connectpd 
with  gabbro,  and  were  formed  soon  after  tlie  rock.  The  mineral  is  ao 
abundant  in  some  of  the  veins  as  to  be  mined,  and  is  associated  with  other 
titanium  minerals,  ilmenite  and  titanite.  Lindgren''  remarks  that  mtile 
and  anatase  are  common  in  metasomatic  vein  rocks,  as  secondary  product!: 
after  ilmenite,  titanite,  titaniferous  magnetite,  biotite,  etc.,  and  it  occurs  in 
nearly  every  altered  titaniferoua  rock.  Kemp*  states  that  rutile  occur?  a?  a 
minor  constituent,  but  quite  widely  distributed,  in  the  copper  deposits  at 
Ducktown,  Tennessee.  He  says  "it  is  included  in  the  sulphides  precisely 
as  are  the  bits  of  garnet,  zoisite  and  aniphibole,  and  is  regarded  as  older 
than  the  ores." 

A  not  infrequent  occurrence  of  rutile  in  the  Piedmont  region  of  the 
Southern  Appalachians  is  as  simple  and  geniculated  forms  in  quartz  of 
quartz  veins  and  stringers.  In  each  instance  where  this  occurrence  lias 
been  observed  the  rutile  has  not  been  found  in  quantity,  and  is  only  of 
scientific  interest. 

An  important  occurrence  of  rutile  as  a  primary  constituent  of  nitile- 
ilmenite-bearing  pegmatite  dikcfif  has  recently  been  discovered  in  C.oinh- 


oUatson,  Thomas  L,  and  J.  Wilbur,  A  Contribution  to  the  Gsolofp-  nnii  Miner- 
alogy of  Oraves  Mountnin.  Georgia,  Bull.  Phil.  Soc.,  Univ.  o(  Vn..  S.'i.'ntiflr  '^ries. 
I»12.  vol.  i,  pp.  200-221.     References  to  other  loealities  in  the  Caroliniis  eit.-<1- 

aWatDon,  Thomas  L.,  and  Watkins,  J.  H.,  AasocieitiDn  of  Rutile  and  Cyanite 
from  a  New  Locality,  Amer.  Jour.  Soi.,  1911,  vol.  32,  pp.  1B5-200.  TabtT,  S.. 
Geolo;!V  of  the  Gold  Belt  in  the  James  River  Basin,  Virginia,  Va.  Geol.  Sur\-eY, 
Bull.  No.  VII.  1912,  pp.  27-2S,  113114.  These  occurrences  f>f  nitile  are  de^riW 
on  pa;;e)>  262-266  of  this  report. 

oVogt,  J.  H.  L.,  Problems  in  the  Geology  of  Ore-Deposits,  Genesis  of  Ore- 
Deposits,  Trans.  Amer.  Inst.  Mng.  EngiB.,  1901, 'p.  Si6.    Hefctpni-vs  cite<i, 

dLindRTen,  W,,  Metasomatic  Processes  in  Fissure  Veins,  Gene^'is  of  Ore-Deposits, 
Trans.  Amer-  Inst.  Mng.  Engra.,  1901,  p.  623. 

I'Kpmp,  J.  F.,  The  Deposits  of  Copper  Ores  at  Ducktown,  Tenn.,  Trans.  Amer. 
Inst.  Mng-  Engrs.,  in02.  vol.  xxxi.  p.  259. 

/HesB.  F.  L.,  New  Rutile  Deposits  nenr  Richmond.  Vs.,  Mng.  World.  1910.  vol 
.13,  pi>.  305-307. 
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land  and  Hanover  conntiea,  Virginia,  near  the  faBtem  border  of  the  Pied- 
rnOTit  Plateau,  and  dereribed  on  pages  248-261  of  this  ri;port.  Kef^^"  has 
described  an  interesting  aasociation  of  minerals  of  the  rare-earth  metala, 
including  rutile,  occurring  in  the  pegmatite  at  Baringer  Hill,  Llano  Cotinty, 
Texas. 

Rutile  occurs  as  an  alteration  product  of  mica  in  microscopic  prisms 
sometimes  parallel  to  the  plane  of  cleavage;  also  regularly  oriented  in 
certain  micas,  hematite,  and  ilmenite;  aa  an  alteration  product  of  titanite 
in  eteolite  syenite;  and  as  a  paramorph  after  brookite  at  Magnet  Cove, 
Arkansas."  Hintze"  reports  rutile  as  s  pseudomorph  after  hornbk-nde  nnd 
feldspar,  and  after  hematite. 

MINEBAL   ASSOCIATIONS. 

The  mineral  associates  of  rutile  include  a  wide  range  of  species.  Aa 
a  product  of  crystallization  from  rock  magmas  it  is  associated  with  most 
of  the  common  rock-forming  silicate  minerals,  including  quartz.  When 
formed  in  metamorphic  rocks  by  regional  metamorphism,  the  asso- 
ciation in  addition  to  the  common  rock-forming  silicate  minerals  is  usually 
with  a  group  of  heavy  metamorphic  minerals,  such  as  cyanite,  magnetite, 
ilmenite,  etc.  As  a  product  of  veins  the  commonest  associate  of  rutile  is 
probably  quartz,  together  with  other  titanium  minerals,  especially  ilmenite, 
and  the  oxides  of  iron.  In  some  veins  and  pegmatites  the  association  com- 
prises minerals  usually  regarded  as  having  formed  by  pneumatolysia,  such 
as  the  apatite  veins  of  Norway  and  Sweden,  and  Canada.  In  alluvial  and 
water-sorted  sands,  rutile  is  associated  with  the  heavy  resistant  minerals  of 
a  variety  of  mineralogical  form,  such  as  ilmenite,  magnetite,  chromite, 
monazite,  garnet,  zircon,  spinel,  etc.,  and  sometimes  gold. 

Knnz''  records  the  occurrence  of  rutile  in  Mexico  as  circular  crystals 
penetrating  opal. 

ALTEKATION   OP    KUTILE. 

According  to  Van  Hiee,*  rutile  alters  to  hematite,  ilmenite.  iiml 
titaotte.    He  remarks  that  the  alteration  of  rutile  into  ilmenite  and  titanite 

■HcM,  F.  L.,  Minerals  of  the  Rare-Garth  Metals  at  Baringer  Hill,  Llano  County, 
Texas,  Bull.  340,  U.  S.  Geol.  Survey,  IBOH,  pp.  2H7-294. 

AlddiugB,  J.  P.,  Op.  cit.,  p.  496. 

''Hintie,  C,  Handbueh  der  Mineralogie,  pp.   1592,  1603. 

''Kuni,  G.  F..  Trans.  Amer.  Tnat.  Mng.  tngre..  1902,  vol.  juixii,  p.  Wi. 

eVan  Hise,  C.  R.,  A  Treatiae  on  MftnmorphiBm,  U.  S.  G«oI.  Survej-,  Mon.  s\\n, 
1904,  p.  374. 
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is  not  indicated  by  those  who  have  studied  the  changes,  whether  they  are 
deep-seat«d,  but  they  probably  are  since  they  involve  liberation  of  heat  and 
condensation  of  volume,  which  nonnally  occur  in  the  zone  of  aaamorphisin.'' 
Ilmesite  alters  to  rutile  and  other  titanium  minerals,  which  occur  in  the 
zone  of  katamorphism,  as  tlie  heat  and  volume  reactions  correspond,  but 
it  is  not  definitely  known  whether  they  occur  in  the   zone  of  anamorphism.* 

A  frequent  form  of  alteration  in  the  Virginia  rutile  is  into  a  atrongly 
refracting,  granular  substance,  identical,  so  far  as  can  be  observed,  with 
leucoxene,  an  alteration  product  of  ilmenite.  This  alteration  product, 
called  leucoxene  by  Giimbel,  has  been  identified  as  titanite  by  Caihrein,  as 
anatase  by  Diller,  and  as  perovskite  by  Popoff."^  The  alteration  in  the 
Virginia  rutile  progresses  along  the  periphery  forming  a  sharply  defined 
rim,  and  along  fractures  in  the  mineral,  which  would  indicate  that  the 
change  took  place  within  the  katamorphic  zone  (Pis.  IX,  fig.  1,  and  XVI). 

Rutile  is  derived  from  brookite,  ilmenite,  octahedrite,  and  titanite.' 
The  change  of  brookite  and  octahedrite  (anatase)  to  rutile  is  a  molecular 
one.*  Rutile  has  been  observed  as  a  paramorph  after  brookite  at  Ma^et 
Gove,  Arkansas,  and  as  a  pseudomorph  after  hematite  at  BinnenthaL' 
Lindgrenf  mentions  the  alteration  of  ilmenite  to  rutile  and  siderite,  and 
titanite  to  rutile  and  calcite,  in  gold-  and  silver-bearing  veins  of  deep-seated 
origin. 

GEOOB&PHIC  DISTBOUnOK  OF  BUTILE. 

GENERAL  BTATEMENT. 

The  known  distribution  of  rutile  in  quantity  to  be  of  commercial  value 
is  exceedingly  limited.  At  present,  the  more  important  known  deposits  of 
this  mineral  are  limited  exclusively  to  two  localities  in  Virginia,  and  one 
each  in  Canada,  Europe,  and  Australia.  The  localities  comprise  Virginia 
in  the  United  States,  Bay  St.  Paul  in  northern  Quebec,  Canada,  Kragero 
in  \onvay,  EuT0|)e,  and  near  Mt.  Crawford,  25  miles  northeast  of  Adelaide. 
South  Australia.    Each  of  these  areas  has  produced  some  rutile. 

The  Virginia  rutile  deposits  form  the  subject  matter  of  this  report, 
and   are  of  especial   interest  because  of  their  commercial   and   seieotific 

albid.,  p.  231. 
bibid.,  pp.  22T-22S. 

olddings,  J.  P.,  Bock  Minersk,  New  York,  1906,  p.  fl04. 
dlbid.,  p.  371. 
elbid.,  pp.  37B-388. 

/Dana,  E.  S.,  A  Svsteni  of  Mineralogy,  1900.  p.  238. 

cLindgren.  W.,  The  Relation  of  Ore-Deposits  to  Physicnl  Conditions,  Econ. 
Gpolopy.  1907,  vol.  ii,  p.  115. 
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importance.  They  are  important  eonimerciaily  because  they  represent  so 
far  as  known  the  only  workable  deposits  of  rutile  in  the  tfnitfid  States, 
md  are  probably  the  most  extensive  deposits  yet  known  in  the  world ;  they 
are  of  special  scientific  interest  because  of  their  mode  of  occurrence  and 
particularly  their  rock  associations.  There  follows  below  a  summary  of 
the  rutile  occurrences  noted  in  the  United  States  and  foreign  localities. 
The  occurrences  in  the  United  States,  excepting  those  of  Virginia,  are  of 
scientific  interest  only,  since  outside  of  Virginia  none  are  known  to  be  of 
commercial  value.  Of  the  foreign  localities  only  those  deposits  known  to 
be  of  commercial  value  are  described.  These  include  the  Bay  St  Paul 
area  in  Quebec,  Canada,  the  Kragero  area  in  Norway,  and  the  Mt.  Crawford 
area  in  South  Australia. 

DNITED   STATES." 

Although  the  occurrence  of  rutile  is  reported  from  numerous  localities 
in  the  United  States,  the  mineral  has  been  found  in  suBBcient  quantity  to 
be  of  commercial  value  in  only  two  states,  namely,  Pennsylvania  and 
Virginia,  At  present  the  known  commercially  workable  deposits  are  limited 
to  Virginia ;  those  of  Pennsylvania  were  very  limited,  irregular,  and  uncer- 
tain, as  to  quantity,  and  are  practically  exhausted.  With  the  several 
exceptions  noted  above  of  the  large  number  of  localities  where  rutile  has 
been  found,  the  mineral  occurs  in  such  small  quantity  as  to  be  of  scientific 
interest  only.  It  varies  greatly  in  occurrence  in  the  many  localities  as  to 
kind  of  rock  and  mineral  associations.  For  most  of  the  occurrences  very 
little  can  be  given  beyond  the  mere  statement  of  location  of  the  deposit, 
since  knowledge  of  them  is  yet  imperfect,  owing  chiefly  to  the  fact  that 
they  have  not  seemed  worthy  of  time  for  special  study  and  description. 

HSW  ENOLAHD  BTATZB. 
Kutile  occurs  at  many  localities  in  New  England,  but  at  none  is  it 
found  in  quantity.  With  the  exception  of  Bhode  Island  it  is  reported 
from  one  or  more  localities  in  each  of  the  other  five  states.  The  occurrences 
are  only  of  scientific  interest.  Many  handsome  specimens  of  the  rutilated 
quartz  found  at  several  localities  have  been  cut  for  use  in  jewelry.  The 
known  localities  where  rutile  has  been  found  are  listed  by  states  below. 


Bntile  ie  reported  as  occurring  at  North  Guilford;    at  Lane's 
Monroe;  and  in  the  adjoining  town  of  Huntington.    As  early  as  18; 
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rutile  of  Middletown  was  cut  by  Prof.  Ch&rles  XJ.  Shepard  into  gems  thit 
were  almost  roby-red  in  color* 

Xaine. 
At  Warren  mtile  occurs  with  tremotite  and  chalcopyrite. 

Kasiaoliiuetta. 

Butile  occurs  at  Bane  in  gneiss  as  crystaU  occasionally  an  inch  and  i 
haU  in  diameter;  at  Windsor,  in  feldspar  reins  penetrating  chlorite  slate; 
at  Sbelburne,  in  fine  crystaU  in  mica  slate;  at  Leydon,  with  scapolite;  lad 
at  Conway,  with  gray  epidote. 

New  Hampihire. 

At  Lynne,  rutile  occurs  sparingly  with  tourmaline ;  and  near  HanoTer 
as  acicular  crystals  in  quartz,  which  is  observed  only  in  loose  maeees. 
Magnificent  specimens  of  sagenite  ("fleche  d'amour"),  often  cut  for  use  in 
jewelry,  were  found  in  boulders  from  the  vicinity  of  HanoTer  from  1830 
to  1850,  but  were  not  traced  to  their  original  source.' 


Butile  occnrrences  in  Vermont  are  at  Waterbury,  Bristol,  Dummerston, 
and  Pntney;  and  in  middle  and  northern  Vermont  in  loose  boulders  ae 
acicular  crystals  in  quartz.  Some  of  the  specimens  are  in  transparent 
quartz  and  are  described  as  being  of  great  beauty.  Hintzc*'  retonls 
magnificent  crystals  from  Hartford,  and  rutile  needles  in  rhombobedral 
dolomite  from  Middlesex.  Kunz°  describes  beautiful  sagenite  quartz  with 
clove-bTOwn  and  black  rutile  needles  from  Middlesex,  and  in  1848  from  » 
railroad  cut  at  Waterbury. 

KISDLB  nORTEBEH  8TATEB. 
Rutile  occurs  in  three  of  the  group  of  middle  northern  states,  namely, 
New  Jersey,  New  York,  and  PennByhania,    In  only  one  of  these,  Fennel- 
rania,  has  it  been  found  in  quantity  to  be  of  commercial  value. 


oKunz,  O.  F.,  Qenis  and  PreciouB  Stones,  New  Yori(,  1890,  p.  193. 

bEunz,  G.  F.,  Op.  cit.,  p.  124. 

oAmer.  Jour.  Sei.,  16S0,  vol.  10,  pp.  47,  360;   Ibid.,  ISGl,  vol.  12,  p.  3S9. 

(fHintu,  C,  Op.  cit.,  Erater  Band,  1907,  p.  1620. 

flKuaz,  G.  F.,  Op.  cit,  ISM,  p.  12fi. 
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New  Teney. 

Rutile  is  reported  found  in  the  granular  limestone  at  Sparta  and  Newton 
associated  with  sapphire  and  spinel. 

New  Tork. 

Dana  notes  the  following  localities  in  New  York  in  which  nitile  is 
fonnd :  In  Orange  Coantj,  one  mile  east  of  Edenville,  with  pargaeite  in 
limestone  boulders;  two'miles  east  of  Warwick,  in  granite  with  zircon; 
one  mile  east  of  Amity,  in  quartz  with  brown  tourmaline,  and  two  miles 
irest  with  spinel  and  cornndnm,  also  two  miles  southwest  with  red  spinel 
and  chondrodite;  near  Warwick,  in  slender  prisms  penetrating  quartz; 
b  New  York  County,  at  Kingsbridge,  in  veins  of  quartz,  feldspar,  and 
mica  traversing  granular  limestone  j  and  in  Essex  County  in  limestone. 

FenniylTama. 

The  occurrence  of  rutile  in  Pennsylvania  is  limited,  so  far  as  known, 
to  the  central  portion  of  Cheater  County,  in  the  extreme  southeastern  part 
of  the  State.  The  earliest  published  reference  to  the  occurrence  of  rutile 
in  Chester  County,  that  the  writers  have  been  able  to  find,  is  in  Volume  C4 
of  the  Pennsylvania  Survey  reports.  The  statement  follows-."  "In  this 
quarry  occur  several  interesting  minerals,  the  most  remarkable  being  the 
chesterlite,  once  regarded  as  a  variety  of  feldspar;  also  rutile  and  feathery 
talc." 

Prior  to  the  year  1901,  when  the  Virginia  rutile  deposits  commenced 
producing,  the  demand  for  rutile  in  the  United  States  was  limited  to  a  few 
hundred  pounds  annually,  used  chiefly  in  the  dental  trade,  and  reported 
satisfactorily  supplied  by  the  Chester  County,  Pennsylvania,  deposits." 
Only  a  few  pounds  of  rutile  have  been  produced  from  the  Pennsylvania 
deposits  since  1901.  The  mineral  was  picked  up  from  plowed  fields 
during  their  cultivation  and  sold  for  collections  and  to  the  dental  trade  for 
coloring  artificial  teeth."  The  nitile  was  reported  to  be  well  crystallized, 
in  comparatively  large  crystals,  and  very  pure.     Kunz*  reports  double 


oTbe  Geolog?  of  Cheiter  Countv,  Vol.  C^,  2d  Qeol.  Survey  of  Pennsylvanift, 
1883,  p.  71. 

AHinenl  resources  of  the  United  Subea,  U.  8.  Geol.  Survey,  1001,  p.  278. 

cHeH,  P.  L.,  Mineral  Resoureee  of  the  United  SUtea,  1906,  p.  S30;  ibid.,  IMM, 
p.  28. 

itKaox.,  G.  F.,  Gems  and  Precious  Btones,  New  York,  1890,  p.  198. 
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geniculated  twins  of  rutile  fonning  complete  circles  found  near  Parkes- 
burg,  some  of  which  weighed  over  a  pound  eacli. 

Xothing  as  yet  has  been  published  on  the  geological  occurrence  of 
rutile  in  Chester  County,  Pennsylvania,  but  Prof.  F.  BaBcora,"  of  Brui 
Mawr  College,  who  has  completed  the  geological  mapping  of  Chesier 
County,  has  kindly  furnished  a  statement  of  the  chief  occurrence  of  the 
mineral. 

The  formations  in  which  the  rutile  occurs  are  highly  metamorphosed 
sediments.  Miss  Bascom  says :  "The  chief  occurrences  of  rutile  in  Chester 
County,  and  these  can  hardly  be  of  commercial  importance,  are  (a)  in 
the  Cambrian  (Chickies)  quartz-schist,  where  it  is  found  weathered  out 
on  slopes  of  the  North  Valley  hills  in  the  neighborhood  of  Parkeshurp;,  and 
in  railway  cuts  northeast  of  Pomerog  and  west  of  Atglen.  (b)  Along  the 
Valley  road  southwest  of  Coateaville,  where  it  is  weathered  out  from 
Cambro-Ordovician  (Shenandoah)  limestone.  Chester  Valley  and  hills 
are  part  of  an  overturned  sjTicline  of  Paleozoic  (Cambrian  and  Cambro- 
Ordovician)  sediments.''  (c)  Rutile  also  occurs  in  Cambro-Ordnvician 
limestone  in  tlie  Doe  Run  region  south  of  Coatesville  and  of  Chester 
Valley.  This  limestone  lies  on  a  folded  thrust-plane  with  pre-Cambrian 
gneiss  above  and  below  it.  (d)  At  the  County  Poor-house  quarry  (West 
Bradford)  south  of  Chester  Valley,  in  similar  lime.=t<>ne,  also  in  Kast 
Bradford." 

SOUTHEAST  ATLAHTIC  STATZB. 

Of  the  southeast  Atlantic  states  rutile  is  found  in  Alabama,  Georgia, 
Xorth  Carolina,  South  Carolina,  and  Virginia.  Prior  to  1000,  when  the 
Nelson  County  area  in  Virginia  was  opened,  it  was  not  known  that 
rutile  occurred  at  any  place  within  the  southeastern  territory  in  sufficient 
quantity  to  be  of  commercial  value.  It  was  found  of  gem  grade  at  many 
localities  within  this  region,  and  it  was  cut  and  used  in  jewelry.  Until 
the  opening  of  the  Virginia  deposit  in  1900,  the  most  noted  rutile  locality 
in  the  South  was  that  of  Graves  Mountain,  Lincoln  County,  Georgia,  which 
has  supplied  the  collections  of  the  world,  and  to  some  extent  has  supplied 
rutile  for  gem  purposes. 

Alabama. 

Very  little  is  known  of  the  occurrence  of  rutile  in  Alabama.  The 
State  Geological  Survey  reports  contain  very  few  references  to  the  mineral. 
In  the  report  for  1874  mention  is  made  of  the  occurrence  of  rutile  in 
Section  3-T.  20-R.  16,  Chilton  County,  in  mica  schist  in  close  proximit}- 

uPersonal  cointnunicBtion  from  Or.  Florence  Baiconi,  Feb.  7,  1910. 
6See  PbiUdelphia  folio   {No.  162)   on  repon  to  the  east.     GMlogic  Atlas  of  th« 
United  States,  U.  S.  Oeol.  STirvey,   190ft. 
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to  a  pegmatite  dike.     Similar  occurrences  in  pegmatite  dikes  cutting  mica 
schist  have  been  noted  in  Coosa  and  Handolph  countieB." 

Oeo^a. 

The  known  occurrences  of  nttile  in  Georgia  are  limited  to  Habersham 
and  Lincoln  counties,  but  that  of  Qraves  Mountain,  Lincoln  Countj,  is  the 
odIt  one  of  importance. 


Qn,ret  IIoiiiLt*lit.b 

Location  and  topography. — Graves  Mountain  lies  in  the  extreme  western 
part  of  Lincoln  County,  Georgia,  within  less  than  a  mile  of  the  Wilkes 
County  boundary;  10  milee  nearly  east  of  Washington,  the  county  seat  of 
Wilkes  County;  6  miles  southwest  of  Lincolnton:  and  about  40  miles 
Dorthwe.^'t  of  Augusta  (map,  fig.  1).  It  is  within  but  near  the  eastern 
border  of  the  Piedmont  Plateau  province,  a  short  distance  north  of  the 
"fall-Une." 


■PCTaonal  cotnmunicatiMi  from  Dr.  Eugene  A.  Smith,  State  Qeotogjat  of  .\1a- 
b«n>t,  April  3,  1911. 

AAb8tract«d  from  "A  Coatributloo  to  the  Geology  and  Hineralof^  of  Graves 
Mountain.  Georgia."  by  Watson.  Thomas  L.  and  J.  Wilbur,  Bull.  Phil.  So^.,  Univ.  of 
T(.,  Sdentifio  Section,  1912.  vol.  i,  Ho.  T,  pp.  201-221. 
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Graves  Uoimtain  ie  a  conspicuouB  ridge  (monadnock)  of  unreduced 
haid  rock,  which  rises  to  an  altitude  of  700  feet  above  tide-level,  and  Beveral 
hundred  feet  above  the  Piedmont  Tertiary  baso-leveled  plain.  It  has  a 
length  of  2  miles  along  an  approximate  northeast-southwest  direction, 
coincident  with  the  general  structure  of  the  rocks  of  the  area,  and  is  less 
than  Jialf  a  mile  in  average  width.  The  slopes  of  the  mountain  are  very 
unequal,  being  less  steep  on  the  northwest  side,  which  is  the  direction  of 
dip,  than  on  the  southeast  side.  The  upper  portion  of  the  ridge  is  greatlj 
scarred  and  roughened  from  weathering,  nnd  low  and  high  clilTs  are 
numerous. 

Oeology. — The  rock  composing  (jraves  Mountain  is  a  fine-grained 
quartzite.  It  varies  from  moderately  thinly  foliated  to  essentially  massive 
in  structure.  Its  position  is  along  the  northwest  margin  of  a  metamorpbic 
sedimentary  series  of  crystalline  rocks.  The  dip  of  the  quartzite  is  toward 
the  northwest  at  a  variable  angle  and  the  strike  is  north-northeast.  No 
igneous  rocks  have  been  observed  at  Graves  Mountain,  but  they  are  known 
at  other  localities  within  the  general  area.  The  basal  portion  of  the 
mountain  and  for  some  distance  up  the  slope  on  the  northwest  side  the  rock 
is  the  foliated  variety  quartzite-sehist,  while  the  crest  and  for  an  undeter- 
mined distance  down  the  slopes  the  rock  is  massive  quartzite,  with  only 
a  slight  tendency  to  schistosity  indicated.  On  top  of  the  mountain  the 
quartzite  is  cut  by  quartz  veins,  some  of  the  larger  ones  of  which  measait 
several  feet  in  thickness.  These  are  apparently  barren,  but  smaller  quartz 
veins  only  a  few  inches  wide  contain  rutile  and  iron  oxide.  The  rock  from 
some  of  the  small  openings  shows  fracturing  and  brecciation. 

The  quartz  schist  is  composed  of  quartz  and  less  sericite  as  the  essentiil 
minerals,  with  cyanite  and  occasional  small  grains  of  rutile  and  black  oiide 
of  iron  as  the  principal  accessory  minerals.  A  partial  chemical  analysis 
of  this  rock  made  by  J.  Wilbur  Wataon  gave:  SiOj,  79.18  per  cent;  Al,Ou 
14.14  per  cent;  and  Fe,0„  3.17  per  cent.  The  rutile  occurs  microsco|»- 
«al1y  as  euhedral  and  anhedral  crystals  formed  along  the  boundaries  of  the 
quartz  grains  and  as  inclusions  in  the  quartz  and  cyanite. 

The  massive  quartzite  which  occurs  on  the  crest  and  higher  elopes  of 
the  mountain,  has  essentially  the  same  composition  as  the  quartzite  schist. 
It  is  fine-grained  in  texture,  composed  largely  of  fine,  sugary  quartz,  some 
muscovite,  and  in  places  contains  abundant  large  and  small  tables  of 
cyanite  of  pale  green  color  when  fresh,  crystals  of  blue  lazulite,  and  smill 
grains  of  red  rutile.  Pyrophyllite  is  rather  common.  Cyanite,  lazulite, 
and  rutile  are  usually  intimately  associated,  the  first  two   (cyanite  an^l 
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lazulite)  are  frequently  imbedded  one  in  the  other,  and  the  rutile  occurs 
18  separate  grains  and  as  inclusions  in  the  other  minerale.  A  partial 
chemical  analysis  of  the  rock  collected  on  top  of  the  mountain  gave 
J.  Wilbur  Watson  the  following  result:  SiO„  69.74  per  cent;  AUO„ 
24.86  per  cent;   and  FcjOj,  0.53  per  cent. 

Graves  Mountain  has  long  been  known  for  the  occurrence  of  an  interest- 
ing association  of  rather  uncommon  minerals,  including  rutile,  pyrophyllite, 
lazulite,  cyanite,  and  hematite.  Knowledge  of  the  occurrence  of  the  inter- 
esting group  of  minerals  at  this  locality  was  first  made  known  by  Frof. 
C.  U.  Shepard  in  a  paper  published  in  1859. 

Ruliie. — Knowledge  of  the  occurrence  of  rutile  at  Graves  Mountain 
was  early  made  known  by  Prof.  C.  U.  Shepard,"  who  was  the  first  to  describe 
and  work  it.  According  to  Kunz,**  the  rutile  from  this  locality  has  realized 
at  least  $20,000  for  cabinet  specimens  and  has  supplied  the  collections  of 
the  world.  The  rutile  was  won  from  the  central  depression  on  top  of  the 
ridge  and  along  the  northwest  slope.  The  openings  are  of  long  standing 
and  had  so  greatly  caved  at  the  time  of  the  senior  writer's  visit  in  March, 
1911,  that  they  were  largely  obscured. 

Xo  specimens  of  coarse  rutile  were  observed  by  the  senior  writer  during 
his  visit  but  it  is  plentiful  in  every  specimen  collected,  chiefiy  as  micro- 
scopic inclusions  in  other  minerals  and  frequently  as  small  crystals  and 
grains  visible  to  the  naked  eye.  It  has  been  observed  megascopically  in 
the  quartzite,  and  in  intimate  association  with  cyanite,  lazulite,  pyrophyl- 
lite,  and  hematite.  As  a  microscopic  accessory  rutile  in  crystals  and  form- 
lees  grains  of  red  and  reddish-brown  color  has  been  identified  as  inclusions 
in  the  lazulite,  cyanite,  pyrophyllite,  hematite,  and  quartz,  and  formed 
along  the  boundaries  of  these  minerals.  In  each  case  it  shows  the  usual 
optical  properties. 

Veatch"  observed  mtile  with  quartz  and  iron  oxide  in  veins  not  exceed- 
ing a  few  inches  in  width  on  top  of  the  mountain.  The  rock  fragments 
thrown  out  of  the  small  pits  in  this  position  show  fracturing  and  breccia- 
tion,  and  formation  of  the  vein  rutile  was  probably  subsequent  to  the  frac- 
turing of  the  qnartzite,  but  a  part  of  it  may  have  existed  in  the  veins  prior 
to  the  crushing. 

The  coarse  rutile  crystals  from  this  locality  observed  in  the  various 
mineral  collections  in  this  country  are  lustrous  black  to  reddish-brown  and 

aShep^rd,  C.  U.,  Amer.  Jour.  Sd.,  186B,  vol.  27,  p.  38;    Ibid.,  vol.  28,  p.  141. 
ftKuns,  G.  F.,  N.  C.  Geol.  Survey,  Bull.  No.  12,  1907,  p.  52. 
■'Peraonal  communication,  jBnnaty,  1DI2. 
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red,  with  brilliant  orange-red  in  thin  sections.  They  lary  in  size  usually 
up  tf>  5  inches  and  occur  both  ae  single  and  twin  fonns.  Kunz"  reports 
fine  single  crjstals  have  been  found  up  to  four  pounds  each  and  with  it 
interesting  liydrous  anthophyllite.  The  single  crystals  arc  usually  of 
prismatic  habit  and  frequently  show  pyramidal  terminations. 

Besides  the  common  forms  of  rutile  crystals  this  locality  has  furnished 
some  I'ather  rare  and  interesting  ones,  which  have  been  figured  and  de- 
scribed chiefly  by  German  crystallographers,"  efipecially  Rose,  Haidinger, 
vom  Rath,  and  Miigge.  Especially  interesting  are  the  beautiful  rutile 
twins  figured  and  described  by  Rose  and  others,  composed  of  as  many  as 
sixfold  and  eightfold  twins  commonly  known  as  sixlings  and  eightlings; 
those  made  up  of  a  less  number  of  parts  such  as  trillings  and  fonrlinga 
being  not  uncommon  from  the  Georgia  locality. 

The  three  following  analyses  quoted  by  Hintze"  serve  to  show  llie 
essential  chemical  composition  of  the  Graves  Mountain  rutile. 


■i  nalyses  of  rutile  frof 

n  Graves  Movntain, 

Georgia. 

TIO,    

Per  cent. 
97.22 

1  Percent. 

'      97.52 

2.64 

■  PeroeHl. 
97.64 

Total 

99.84 

:    100.16 

1    100.2S 

While  coarse  nitile  was  not  observed  at  this  locality  by  the  senior  writer, 
careful  examination  of  the  dumps  alongside  the  numerous  openings  on  the 
northwest  slope  of  the  mountain,  from  which  the  mineral  was  mined,  and 
the  presence  of  rutile  in  microscopic  proportions  in  thin  rock  slices,  clearly 
indicate  the  rutile  matrix  to  be  a  heavy,  dark-colored  rock,  composed  of 
an  aggregate  of  long-bladed  and  coarsely  columnar  crystals  of  cyanite  and 
massive  granular  hematite,  with  usually  some  quartz.  Frequently  the  rock 
is  composed  of  excessive  hematite  with  less  cyanite,  and  as  often  cyanite 
may  predominate.  In  either  case  the  rock  presents  a  more  or  less  poitras 
texture  which  is  perhaps  most  pronounced  in  specimens  showing  dominant 
cyanite.  Professor  Bhepard's  description  of  the  occurrence  of  rutile  in 
this  rock  follows.    He  says:** 


oPerBonal  commuiiicatian,  Feb.  28,  1910, 

bSee   Dana,   E.   S.,   A   Syetem   of  Mioeralogv;     and   Hintze,   C,   Handbneh   der 
Mineralo^e,  for  referencee. 

cHintze,  C,  Huidbuch  der  Hineralogje. 
(FShepard,  C.  U.,  Op.  cit.,  1869. 
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much  resembling  in  appearance  tfae  diaspore  from  the  Urale.  With  the  kyaniU  ia 
found  rutite,  oft«n  in  giguitic  crystals  (weighing  upwards  of  a  pound),  and 
pouessed  of  much  regularity  of  ciystAlline  ronn.  I^e  prevailing  figure  is  a  square 
prism  with  truncated  lateral  edges,  snd  surmounted  at  both  extremities  by  an  eight- 
sided  pyramid.  I'here  is  also  found  a  most  remarltably  perfect  twin  crystal,  in 
which  the  geniculation  is  six  times  repeated, — producing  an  hexagonal  prism, 
surmounted  at  each  end  by  a  six-sided  pyramid,  with  a  reentering,  six-sided  hopper- 
shaped  cavity,  at  the  tips,  lliese  crystals  are  all  more  remarkable  for  tbeir  sym- 
metry nnil  jHilish,  than  nny  1  have  ever  seen.  Some  are  fully  equal  in  lustre  to  the 
brilliant  crystals  of  cassiterite  from  Cornwall  or  Bohemia.  The  most  perfect 
rutilee  are  generally  imbedded  in  the  maasive  kyanite;  and  when  detached  leave 
behind  impressions  having  a  polish  and  lustre  equal  to  that  of  their  own  planes. 
A  little  common  quartz  is  also  minted  with  the  kyanite  and  rutile. 

"(,'lusely  associated  with  kyanite,  rutile  and  quartz  are  considerable  mas«M 
(8  or  10  inidiea  tliick]  of  a  mineral  kiiown  among  the  miners  of  Georgia  as  steatite, 
but  which  is  true  pyrophyl)it«, — differing  In  no  respect  from  that  of  the  Urab, 
except  in  the  finer  stellulations  it  presents  and  in  the  ali^t  ferraginoua  stain  It 
exhibits  near  their  centres." 

The  production  of  mtile  from  the  Georgia  locality  has  been  (or  cabinet 
specimens  chiefly,  and  to  some  extent  for  the  gem  trade. 

The  Carolinas. 

During  recent  years  a  small  production  of  rutile  hae  been  reported  from 
the  Carolinas  from  time  to  time  in  washing  for  monazite.  The  production 
has  been  chiefly  from  near  Ellenboro,  Rutherford  County,  North  Carolina, 
and  near  Oaffney,  Cherokee  County,  South  Carolina-  In  1906,  the  pro- 
duction of  rutile  from  this  source  was  too  small  to  be  reported  and  there 
hae  been  none  since.  The  workable  deposits  of  monazite,  coutaining  some 
rutile  in  places,  are  confined  chiefly  to  the  gravels  and  sands  of  stream 
beds,  derived  by  weathering  from  the  granites,  gneisses,  and  schists.  The 
Carolina  gneiss,  mapped  by  the  U.  S.  Geological  Survey  as  Archean  in  age, 
is  the  most  important  formation  from  which  the  placers  are  derived." 

A'orift  Caroii'ntt.— Kutile  in  various  niinera  logical  associations  has  been 
reported  from  more  than  20  counties  in  North  Carolina,  hut  so  far  as 
known  it  does  not  occur  in  quantity.  Many  localities  have  furnished 
mtile  of  gem  grade,  and  the  State  has  yielded  more  rutilated  quartz  of 
nnexcelled  beauty  for  gem  purposes  than  all  of  the  American  localities 
combined."  Specimens  of  rutilated  quartz  have  come  from  many  places 
in  Randolph,  Catawba,  Burke,  Iredell,  Jackson,  and  Alexander  counties; 
also  from  the  monazite  mines  in  association  with  handsome  garnets,  near 
Shelby,  Cleveland  County. 

HesB°  reporta  a  sample  composed  of  ilmenite,  magnetite,  and   mtile 

dSberrett,  D.  B.,  Mineral  Besources  of  the  U.  S.,  1006,  p.  1197. 

"Runz,  G.  F..  N.  C.  Geol.  and  Economic  Survey,  Bull.  No.  12,  1B07,  p.  33. 

i-Hets,  F.'L.,  Mineral  Resources  of  the  U.  S..  1906,  p.  B30. 
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taken  from  a  large  deposit  of  titaniferoue  iron  occurring  north  of  Lenoir, 
North  Carolina.  The  deposit,  according  to  the  same  authority,  is  reported 
to  contain  37  to  41  per  cent  TiO^ ;  and  one  firm  that  used  the  ore  reported 
that  it  wae  readily  converted  to  ferrotitanium,  containing  35  to  40  per 
cent  titanium,  and  which,  by  a  second  process,  could  be  made  to  contain 
65  per  cent  titanium. 

The  localities'  in  North  Carolina  from  which  rutile  has  been  reported 
are :  At  Growder  and  Clubb  mountains,  Gaston  County,  in  association 
with  pyrophyllite  and  cyanite;  at  the  Culsagee  mine  with  corundum,  Macon 
County;  at  Hogback  mine,  Jackson  County;  at  Beattie's  Ford,  Mecklen- 
burg County;  at  Buckhom  Falls,  Chatham  Coimty;  at  Cane  Creek, 
Mitchell  County;  at  many  places  in  Iredell  and  Alexander  counties;  at 
Bryson,  Swain  County;  at  Honey  Creek,  Wilkes  County;  in  the  gold  sands 
of  Burke,  McDowell,  Butherford,  and  Polk  counties;  at  Pilot  Mountsin, 
Randolph  County;  and  in  Clay,  Yancey,  Catawba,  Cabarrus,  and  Lincoln 
counties. 

Pratt''  reports  large  black  rutile  crystals,  single  and  twinned,  found 
quite  abundantly  loose  in  the  soil  near  Elf  Post-office,  Clay  County;  ver}' 
brilliant  crystals  of  rutile,  both  single  and  twinned,  in  beautifully  radiated 
pyrophyllite,  near  Efland,  Orange  County;  and  simple  prismatic  crystals 
one-fourth  inch  long  and  well  terminated,  on  Buckner  Branch,  Swain 
County. 

Nom(A  Carolina. — The  principal  occurrence  of  rutile  in  South  CaroUna 
is  as  loose  grains  and  crystals  in  the  monazite  sands,  especially  near  Gaffney, 
Cherokee  County.  Eutilated  quartz  (fleche  d'amour)  is  also  reported 
from  the  monazite  belt  and  rutile  crystals  are  found  in  the  vicinity  of  Pros- 
perity, Newberry  County."  Rutile  crystals  of  outward  dark  gray  color  but 
I'cddish -brown  on  fracture  surface  and  which  show  some  wear  are  found 
in  Kersliaw  County.'' 

aGenth,  F.  A.,  and  Kerr,  W.  C,  The  Minerals  aod  Mineral  Localities  of  North 
Carolina,  Baleigb,  1S85,  pp.  3G-3Q. 

Dana,  E.  S.,  A  System  ot  Mineralogj-,  1900,  p.  239. 
Uintze,  C,  Handbuch  der  Mineralogie,  1907,  pp.  1616-1319. 

''Personal  communication  from  Dr.  Joseph  Hyde  Ptatt,  State  Cteologiat  of  North 
Carolina,  Jan.  26,   1911. 

cSloBU,  Earle,  Catalogue  of  the  Mineral  Localities  of  South  Carolina,  S.  C.  OeoL 
Survey,   1008,  p.   157. 

"(Collection  ot  rutile  eryatala  donated  by  Dr.  J.  W.  Mallet  of  the  University  of 
Virginia. 
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Tbe  states  west  of  the  Uieaiseippi  River  in  which  rutile  occurrencee  have 
been  recorded  include  Arkansas,  California,  Colorado,  Sonth  Dakota,  and 
Texas.     Of  these.  Magnet  Cove,  Arkansaa,  ie  the  moat  noted  locality. 

Arkuuai.* 

Hessenberg,  in  1864,  was  the  first  to  make  mention  of  the  occurrence 
of  rutile  at  Uagnet  Cove.  Much  has  been  published  since  on  the  mineralogy 
of  this  locality.  According  to  Williams,  rutile  occurs  at  Magnet  Cove, 
commonly  associated  with  brookite  and  perovskite,  and  as  paramorphs 
after  brookite.  The  rutile  crystals  very  seldom  occur  as  single  individuaU, 
but  are  found  as  twins  according  to  some  one  of  the  various  twinning  lavre. 
Some  of  the  most  interesting  forms  are  the  eixlings  and  eightlings,  figured 
and  described  by  0.  vom  Rath.  At  the  southwest  comer  of  the  Cove,  in 
Perofskite  Hill,  rutile  crystals  were  formerly  reported  to  be  exceedingly 
plentiful,  and  are  said  to  be  quite  common  still.  At  the  brookite  locality, 
at  the  southeast  comer  of  the  Cove,  rutile  was  reported  by  Williams  to  be 
not  at  all  uncommon.  He  described  the  rutile  as  a  contact  mineral  formed 
on  tbe  sandstones  associated  with  the  novacnlites,  and  regards  the  syenite 
as  the  source  of  the  titanium.  Although  the  Magnet  Cove  area  has  long 
been  one  of  scientific  interest  and  much  has  been  published  on  tbe  min- 
eralogy of  it,  the  rutile  has  not  proved  to  be  of  commercial  importance. 

California. 

The  only  locality  in  California  from  which  rutile  has  been  reported  is 
in  Nevada  County  where  Lindgreu''  has  described  it  as  occurring. 

Colorado. 

In  Colorado  mtile  is  reported  from  St.  Peter  Dome"  and  West  Chejeune 
Canon  in  El  Paso  County.  That  from  the  former  locality  (St.  Peter's  . 
Dome)  is  black  and  belongs  to  the  ferriferous  variety  nigrine.  An  analysis 
of  the  mtile  shows : 

aHintze,  C,  Handbnch  der  Mineralogie,  Enter  Band,  1907,  pp.  1616-1617.     Bef- 

William,  J.  F.,  T1i«  Igneous  RocIcb  of  Arkaniu,  0«ol.  Survey  of  .\rkansa!«.  IS!)!, 
vol.  ii,  pp.  303-330.    Beferenew  cited. 

KLini^en,  W.,  ZUchr.  f.  prakt.  Geol.,  1902,  20.  Quoted  by  HJntze,  C.  Op.  eit., 
p.  1616. 

<«iiiith.  W.  B.,  Pro*.  Col.  Sci.,  1887,  vol.  2,  p.  176. 
Groth's  Ztoclir.,  vol.  17,  p.  417. 
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Analysis  of  rutile  from  St.  Peter's  Dome,  Colorado. 

rer  cent. 

TiO,     94.93 

Fe,0,    3.77 

SiO.     1.37 

H,0  0.71 

100.78 
Speciflc  gravity    4.288 

The  flesh-colored  orthoelase  from  West  Cheyenne  Canon,  El  Paso 
Connty,  contains  tninate  black  crystals  of  rutile,  not  in  contact  with  the 
feldspar  but  generally  implanted  in  the  more  recent  quartz." 

Genth  and  Penfield  give  the  following  analysis  of  the  rutile; 

Analysis  of  rutile  from  West  Cheyenne  Canon,  Colorado. 

TIO,    91.96 

Fe,0 6.68 

SnO 1.40 

100.04 

Soath  Dakota.'' 

Black  rutile  with  brilliant  metallic  lustre  occurs  in  the  granite  of  the 
Black  Hills,  South  Dakota,  and  Headden  has  described  crystals  of  tlie 
mineral  from  the  Harney  Peak  district.  He  states  that  the  crystals 
are  found  in  aggregntes  usually  surrounded  by  and  always  associated  with 
muscovite  in  a  mass  of  feldspar.    Two  analyses  of  the  rutile  yielded: 

Anahjsei^  of  rutile  from  the  Black  Hills.  South  Dakota. 

TfO=    

PeO    

SnO=    

MnO  


oGenth  and  Penfield,  Contributiotia  to  Mineralogy,  Amer.  Jour.  Sci.,  1892,  voL 
44,  pp.  384'G. 

(•HeHdden,  W.  P.,  On  Black  Rutile  from  the  Black  Hilla,  Amer.  Jour.  S«i.,  IMl. 
vol.  40.  pp.  249-250. 

Hintzp.  C.  Hanilbuch  der  Mincwlopie,   1907,  p.  1820. 
Dana.  E.  P.,  A  Svstem  of  Minenilojty,  IBOO,  pp.  238,  231>. 


Par  cen(. 

Per  cent. 

90.78 

90.80 

8.10 

7.92 

1.32 

1.88 

trace 

traee 

100.20 

100.10 
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Texas. 

Hidden"  rpporls  lln'  occurrence  of  the  sagenitic  variety  of  vcllow  rutile 
upon  smoky  quartz  crystals,  at  Baringer  Hill,  Llano  County.  Texas.  Hpss'' 
reports  mtile  from  the  same  locality  in  prismatic  and  reticulated  forms 
one-fourth  inch  thick. 


>  of  rutile  has  been  noted  at  a  number  of  localities  in 
the  provinces  of  Quebec,  Nova  Scotia,  Ontario,  and  the  Yukon  Territory, 
but,  with  the  exception  of  the  St.  Urbain  locality  in  the  Province  of  Quebec. 
none  of  the  occurrences  so  far  observed  in  Canada  has  proved  to  be  of 
commercial  value. 

QirXBEC. 

St.  Urbain  Deposits.'' 

The  principal  occurrence  of  rutile  known  in  Canada  is  located  Z  miles 
west  of  the  little  village  of  St.  Urbain  in  the  parish  of  the  same  name, 
which  ie  located  about  JO  miles  north  of  Bay  St.  Paul,  on  the  River  Gouffre, 
in  Charlevoix  County,  Province  of  Quebec. 

The  ilmenite  and  rutile  of  the  St.  Urbain  deposits,  like  many  other 
occurrences  of  ilmenite,  are  contained  in  anorthosite,  which  apparently  has 
large  but  unknown  areal  extent.  The  anorthosite  is  poor  in  femic  minerals 
and  locally  the  rock  shows  some  crushing.  The  feldspars  which  are  chiefly 
andesine  show  evidence  of  strain.  The  larger  ilmenite  bodies  have  in 
general  the  form  of  elongated  masses  some  of  which  sliow  dikelikc  outlines. 
The  direction  of  elongation  of  the  bodies  conforms  to  an  indi.stlnct  gneissoid 
structure  (east-west  direction)  in  the  anorthosite;  the  contacts  between 
the  ilmenite  bodies  and  the  anorthosite  are  usually  sharp  though  some 
gradation  occurs  in  places.  There  is  frequently  developed  along  the  contacts 
a  narrow  band  of  dark  brown  mica. 


^Hidden,  W.  E.,  Some  Remits  of  Late  Mineral  RMCarch  in  Llann  County,  Texna, 
JUDer.  Jour.  Sci.,  190C,  vol.  19,  pp.  426-433. 

bHeis,  F.  L.,  Minerals  of  the  Rare-Earth  Metals  at  Baringer  Hill,  Llano  Countj, 
Texat,  Bull.  No.  340,  U.  S.  Q«ol.  Survey,  1808,  p.  292. 

cPerBousI  coanDuntcation  from  Dr.  R.  W.  Brock,  Director.  Oeol.  Survey  of 
Canada.  Oct.  22,  1910.  List  of  occurrences  of  rutile  in  Canada  prepared  by  Mr. 
B-  A.  A.  Johnston,  MincTuIosiBt  of  tb«  Canadian  Oeologieal  Survey. 

'The  description  of  the  St.  IJrbain  deposits  in  the  Province  of  Quf^ec  is  ab- 
stracted from  the  recent  comprehensive  published  paper  by  Dr.  Charles  H.  Warren, 
entitled  "The  Ilmenite  Rocks  Near  St.  Urbain,  Quebec;  A  New  Occurrence  of  Rutile 
■ml  Sapphirine,"  Amer.  Jour.  Sci..  1912,  vol.  xxxiii.  pp.  S63-2TT.  See  also  brief 
statrment  by  Mr.  Theo.  Denis  in  the  Canadian  Mininfr  Journal.  1011.  Jan.  I,  p.  11. 
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Most  of  the  ilnienite  bodies  appear  to  be  free  from  mttle.  One  of  the 
moat  important  exposures  of  the  ilmenitc  rock  found  directly  weat  of  tbe 
village  of  St.  Urbain,  consists  megascopically  essentially  of  a  dense  black, 
medium-  to  rather  coarse-grained  itmenite,  with  scattered  small  grains  of 
feldspar  or  its  decompoaition  products,  occasional  grains  of  dark  green 
spinel  (pleonaste),  and  plates  of  dark  brown  mica.  All  the  minerals  lack 
crystal  I  ographic  boundaries,  and  the  ilmenite  grains  range  in  size  from 
3-4  mm.  to  10-13  mm.  in  cross  section,  with  an  STcrage  perhaps  of  6-7  mm. 
The  general  average  amount  of  accessory  minerals  in  the  ilmenite  body  is 
from  5  to  6  per  cent,  but  considerable  portions  of  it  will  not  contain  more 
than  2.5  per  cent.  In  discussing  the  composition  of  the  ilmenite 
Dr.  Warren  developed  many  facte  which  strongly  point  to  the  conclusion 
that  hematite  ia  in  intimate  cryBtaltographic  intergrowtb  with  ilmcnitt', 
and  the  ilmenite  and  hematite  molecules  are  not  isomorphons  as  w 
commonly  reported  for  other  localities. 

A  few  thousand  tons  of  ilmenite  are  reported  to  have  been  mined  for 
iron  by  iin  English  company  from  this  ore-body  during  the  late  seventies. 
Dr.  Warren  states  that  the  ruins  of  an  old  furnace  may  still  be  seen  just 
below  the  deposit. 

The  rock  that  is  of  chief  interest  is  a  nitile-sapphirine-bearing  ilmenite, 
which  occurs  with  rutile-free  ilmenite,  the  two  forming  a  large  mass  in- 
closed in  anorthosite.  The  rutile-bearing  rock  is  brownish -black  in  color, 
and  consists  of  rather  finely  granular  ilmenite  sprinkled  with  grains  of 
orange-red  rutile,  feldspar  (andesine)  like  that  of  the  anorthosite,  biotite, 
sapphirine,  or  their  decomposition  products,  and  spinel.  With  the  exception 
of  spinel  inclusions  in  some  of  the  feldspar  grains  the  mineral  constitutent« 
are  without  crystal  boundaries.  Microscopically  ilmenite  forms  a  baok- 
ground  in  which  the  other  minerals  lie. 

Tbe  rutile  is  described  as  developed  in  simple  crystal  grains  or  clusters, 
with  slight  pleochroism,  exhibiting  good  cleavage,  but  rarely  twinned.  In 
size  the  rutile  ranges  from  mere  specks  up  to  grains  having  a  diameter  of 
3.5  mm.,  the  average  being  about  0.6  mm.  It  is  reported  to  be  quite 
uniformly  distributed  through  the  ilmenite  and  is  also  associated  with  tbe 
other  minerals,  being  sometimes  inclosed  by  them.  An  occasional  gnin 
of  apatite  has  been  noted.  There  is  no  magnetite  present,  and  the  rutile 
in  different  samples  varies  considerably,  estimated  from  8  to  20  per  cent 
on  polished  specimens. 

A  chemical  aniilysis  made  on  a  sample  of  the  rutile-rich  type  yielded 
the  following  result: 
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iiilyni.'^    of   rutile-sappkirine-bearing  ilmenite  from   St.  Vrbain.   Quebec. 
(R.  S.  Andebson,  Analyst.) 

Percent. 

810. 2.24 

TiO,  53.35 

Al.O. 1-65 

Fe,0,  13.61 

FeO    24 .49 

MnO 0.30 

MgO  4.04 

CaO   0.30 


Dr.  Warren  regards  the  rutile-bearing  rock  as  a  magmatic  differentiation 
product  in  which  there  wag  an  excess  of  titanic  oxide  and  a  smaller  excess 
of  magaeeia  and  alumina.  It  represents  an  extreme  and  new  ultra-basic 
type  of  igneous  rock,  and  Dr.  Warren  has  proposed  tlie  name  urbainile 
for  it.  Xo  attempt  has  been  made  to  classify  it  in  the  quantitative  system 
but  it  falls  into  a  new  position  in  the  perfemane  class  (V),  possibly  close 
to  the  rutile  nelsonites  of  Nelson  County,  Virginia,  descnlted  later  in  this 
volume. 

The  St.  Urbain  deposits  were  leased  and  worked  by  the  General  Electric 
t'onipany,  and  a  considerable  quantity  of  the  ore  was  reported  mined  by 
the  company  in  1910  from  an  open  cut,  and  shipped  to  Schenectady, 
New  York.  It  is  ruported  that  the  property  has  not  been  operatt^  for 
several  years. 

Other  Localities. 

UiUil  tlie  St.  Urbain  deposits  were  exploited  and  worked  in  l!»Hi.  the 
best  known  locality  for  mtile  in  Canada  was  in  the  township  of  Teniplcion, 
Ottawa  County.  Here  rutile  occurs  in  crystals  some  of  wliicb  are  i|iiite 
large,  oi/casionally  as  geniculated  twins,  associated  with  actinolite,  barite, 
and  dolomite.  A  few  years  ago  eonsiderahte  prospecting  work  was  carried  on 
with  a  view  to  developing  the  propiTty.  hut  the  results  were  disappoiniiiisf, 
as  the  deposit  was  to  all  appearances  soon  exhausted.  Recently  a  bowlder 
consisting  of  a  similar  association  as  that  indicated  above  was  found  in  the 
adjoining  township  of  Buckingham,  the  origin  of  which  has  not  been  traced, 

Butile  has  been  noted  elsewhere  in  the  Province  of  Quebec  in  small 
crystals  in  chlorite  schist  in  the  township  of  Sutton,  Brome  (.'ounty,  and  in 
the  auriferous  gravels  of  Riviere  du  Loup,  Beauce  County.  These 
occurrences  are  of  minor  character  and  are  not  at  all  likely  to  become  of 
commercial  importance. 
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Mr.  Denis  reports  extensive  deposits  of  titaniferouB  iron  ores  of  similar 
nature  to  the  St.  Urbain  ilmenite  ores  as  occurring  at  Seven  Islands  Ba} 
on  the  north  shore  of  the  Gulf  of  St.  Lawrence;  in  the  Lake  St.  John 
district  in  the  vicinity  of  Lake  Kenogami  and  at  lie  d'Alraa  at  the  dis- 
charge of  Lake  St.  John ;  and  in  the  vicinity  of  St.  Jerome  in  Terrebonne 
County.  There  are  no  data  available  as  to  the  commercial  possibilities  of 
these  occurrences,  since  the  presence  of  rutile  in  them  is  unknown. 

HOTA  SCOTIA. 

In  the  Province  of  Nova  Scotia  rutile  has  been  obsen'ed  in  minor 
quantity  at  Scots  Bay,  Kings  County,  and  at  Uooseland,  Halifax  County. 


Small  occurrences  of  rutile  have  been  observed  at  a  number  of  localities 
in  Ontario.  In  the  township  of  Madoc,  Hastings  County,  it  is  found  in 
crystals  in  limestone  on  Oreen  Island,  Moira  Lake;  in  the  adjoining  town- 
ship of  Marmora  it  occurs  in  veins  with  chlorite;  at  the  Wallace  mine, 
Bay  of  Islands,  north  shore  of  Lake  Huron  it  occurs  in  delicate  acicular 
crystals  lining  quartz  cavities;  and  in  the  district  about  Lake  Temogami 
it  forms  slender  crystals  penetrating  biotite. 

TDEOn  TEKRITOB,T. 

In  Yukon  Territory  a  compact,  massive  form  of  rutile  has  been  ob- 
served in  small  quartz  veins  on  Thistle  Creek,  one  of  the  smaller  tributariea 
of  Yukon  River. 

ADSTBALIA. 

Rutile  occurs  at  a  number  of  localities  in  Queensland  and  South 
Australia.  Very  little  is  known  of  the  occurrences  in  Queensland.  In 
South  Australia,  about  35  miles  northeast  of  Adelaide  in  the  vicinity  of 
Mount  Crawford  (3  miles  southwest)  and  Blumberg  (7  miles  west  of 
north),  desultory  mining  of  rutile  has  been  engaged  in  with  reported  small 
shipments  of  the  ore. 

aUEZHSLAini. 

Recently  rutile  has  been  reported  as  occurring  at  several  loenlities  in 
Queensland,  but  the  writers  have  been  unable  to  obtain  any  information 
relating  to  the  geology  of  the  individual  districts.  In  the  Walsh  and 
Tinaroo  mining  districts  ore  containing  from  50  to  90  per  cent  rutile  was 
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reported;  the  heavier  specimens  contained  an  excess  of  iron  and  were  of 
DO  commercial  value."  It  is  also  reported  that  the  back  coontry  at  Cairns 
can  supply  rutile  in  quantity,''  and  that  six  loads  of  the  ore  were  obtained 
from  another  locality  4  miles  south  of  White  Springs," 

BOTTTH  AVBI&ALU. 

The  known  occurrences  of  rutile  in  South  Australia  are  near  Mount 
Crawford,  section  119,  hundred  of  Para  Wirra;  and  sections  6  and  9, 
hundred  of  Talunga,  six  miles  north  of  BlumbtTg,  about  25  miles  north- 
east of  Adelaide,  and  16  miles  from  Gawler  railway  station.  Practically 
nothing  has  been  published  on  the  geology  of  these  occurrences.  They  are 
briefly  described  below. 

The  occurrence  of  rutile  in  sections  8  and  9,  hundred  of  Talunga,  6 
miles  north  of  Blumberg,  has  been  described  by  Mr.  Gee  as  follows :'' 

"Ftoin  time  to  time,  for  many  yean  past,  work  tuu  been  earned  on  b;  variou* 
putica,  but  apparently  in  no  init«.nce  has  tben  been  much  enterpriw  or  energy. 
The  workingi,  whicb  continue  for  about  160  yards  in  length,  are  principally  a 
number  of  imall  ahafts.  croea  trenches,  and  surfiice  openings,  from  3  feet  to  30  f«et 
in  deptk,  ditdofling  a  toft  clay  Icaolinized  dilw  fonoation,  from  10  feet  to  12  feet 
vide,  Rtrildng  aligntly  eaat  of  south.  Through  this  material  rutile  cijBtats  in 
viriou  forma,  both  coarse  and  fine,  et,n  be  seen,  in  some  places  dispersed  through- 
out the  matrix,  in  others  in  pockets  and  seams,  and  can  l>e  extracted  by  dish  wash- 
ing. For  some  distance  on  each  side  of  the  forniation  fine  rutile  can  be  obtained  on 
the  surface,  but  the  moat  valuable  is  in  a  small  seam  of  gravel  resting  on  a  clay 
b;d  about  12  inches  below  the  surface,  and  which  yielded  very  pood  prospects  indeed, 
moeh  better  than  had  been  anticipated,  judging  from  the  debns  on  the  surface,  and 
its  position  not  being  on  the  line.  The  better  class  material  is  at  each  end  of  the 
workings.  From  each  of  those  several  samples  were  taken,  also  from  the  surface 
and  shallow  pits,  which,  when  bulked,  gav«  an  average  return  of  1^  per  cent." 

Hand  specimens  of  the  ore,*"  obtained  from  the  leases  of  Mr.  Francis  J. 
Spence,  show  chiefly  a  granular  mixture  of  dark  red  rutile  and  light-colored 
rilicate  minerals,  the  principal  ones  of  which  are  sericite,  siiliraanite,  occa- 
sional feldspar,  and  quartz.  Pressure  effects  are  plainly  visible  in  fractures 
in  the  rutile  and  quartz,  and  in  the  orientation  of  the  sericitic  shreds  and 
fibres  of  sillimanite,  both  of  which  are  much  curved  and  bent.  The  larger 
specimen  is  composed  chiefly  of  granular  rutile  encased  in  or  wrapped 
about  by  thin  lamins  of  sericite  and  a  little  quartz.  A  sawed  surface  of 
the  specimen  shows  numerous  irregular  fractures  in  the  rutile,  some  of 

"Australia  MJning  Standard,  Dec  11,  1907. 
'•Ibid^  Dec  11  and  SS,  190T. 
clbid..  Dee.  2S,  IW?,  p.  680. 
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which  are  filled  by  stringers  of  sericite  frequeotly  penetrating  inward  from 
the  outer  lamins  of  the  same  mineral.  There  is  strong  indication  in  places, 
especially  about  the  margin  of  the  specimen,  of  interleaving  of  the  rutile 
with  the  mica. 

A  thin  section  cut  from  the  specimen  and  examined  under  the  micro- 
scope showed  massive  anhedral  grains  of  deep  red  rutile  slightly  pleochroit. 
but  possessing  good  cleavage  and  in  most  cases  twinning.  Inclusions  of  a 
black  opaque  metallic  mineral  occur  in  the  rutile  which  probably  are  ilmen- 
ite.  Pressure  metamorphism  is  evidenced  in  the  frequent  lines  of  fracture 
crossing  the  rutile  grains  along  which  some  alteration  to  leucoxene  has 
progressed.  There  occur  small  grains  of  quartz  and  occasionally  shreds  and 
folia  of  colorless  mica  partly  admixed  with  or  disseminated  through  the 
rutile,  and  partly  filling  fractures,  indicating  in  the  latter  occurrence 
probable  secondary  origin. 

In  another  specimen  of  the  ore  rutile  is  associated  with  much  sillimanite 
in  grouped  felt-like  aggregates  with  silky  lustre,  and  quartz.  Sericite  can 
be  observed  very  sparingly.  The  specimen  indicates  considerable  mashing 
from  pressure  metamorphism. 

Microscopic  study  of  a  thin  section  cut  from  this  specimen  showed  the 
mineral  composition  to  be  chiefly  rutile,  with  sillimanite,  quartz,  and 
feldspar  {mostly  plagioclase),  together  with  a  few  microscopic  accessory 
minerals  as  inclusions  in  the  quartz  and  feldspar.  The  rutile,  red  to  red- 
hrown  in  color,  and  in  some  cases  showing  cleavage  and  twinning  and  i)t 
times  appreciable  pleochroisro,  occurs  chiefly  in  massive  granular  form  and 
in  aggregates  of  grannies  and  microscopic  crystals  having  good  outward 
crystal  form.  It  is  quite  free  from  inclusions  but  contains  inclosures  of 
the  silicate  minerals,  especially  quartz.  Much  sillimanite  is  present,  occur- 
ring in  aggregates  of  fibres  with  partial  radiating  arrangement  penetrating 
the  quartz  and  feldspar.  Some  of  the  flhres  termiuate  abruptly  and  some 
are  very  finely  pointed.  In  some  cases  the  sillimanite  fibres  are  broken 
across  at  ri>rht  angles  to  their  longer  direction.  Broken  fibres  of  sillimanite, 
fractured  rutile  and  quartz,  and  slight  optical  disturbance  and  partial 
granulation  of  the  quartz,  are  pressure  effects  shown  in  the  thin  section. 
Plate  III,  fig.  1,  a  microphotograph  of  the  thin  section,  serves  to  illustrate 
the  principal  features  mentioned  above. 

There  are  in  the  mincralogical  collections  of  the  University  of  Virginia 
several  specimens  of  rutile  labeled  Blumberg,  South  Australia,  which  show 
similar  associations  and  general  characters  to  the  specimens  described  above. 
These  specimens  likewise  bear  marked  evidence  of  mashing  from  pressure 
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Fifi.  I. — 'Rutile-beArin^  pegmntiti-  (?)  frnni  South  Aiistrulia.  Blurk  ar^ii*  riilMi-. 
H^lit  area*  in  riglit  half  uf  figure  feliUptir  and  quirtx.  medium -fin  y  nnil  lijihl 
IHiTijiis  areas  in   left  halt  sillimnnite.     Xieols  eri>se«l.     Enlarged  30  (ii^nieter!i. 


Fig.  2. — Kragerite.  ii  rntile-bearing  aplite.  from  KragerJi.  Norway.  Black  firains 
and  eryHtais  are  nitile.  light  aread  chiefly  sodic  feliUpar  <albite-i>ligi>c1ase>. 
Nicola  crusHed.     Enlarged  30  diameters. 
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metamorphisni.  One  of  the  specimens  is  composed  chiefly  of  kaolinized 
feldspar  with  greeoish  Bcales  of  sericite,  and  large  and  small  grains  of  red 
rutile,  more  or  less  segregated  as  very  minute  stringers  which  lie  for  the 
most  part  in  the  foliation  of  the  rock. 

The  mode  of  occurrence  of  the  South  Australia  rutile  is  unknown,  but 
from  the  brief  statement  of  Gee  it  seems  not  improbable  that  the  rutile  is 
found  in  pegmatite.  Except  for  the  presence  of  siliim&nite  in  several  epeci- 
mena,  the  hand  specimens  of  the  ore  examined  afford  no  positive  evidence 
against  pegmatitic  occurrence.  The  sillimanite-bearing  specimens  might 
readily  have  come  from  contact  positions. 


The  oceurreme  of  rutile  has  been  noted  at  a  number  of  localities  in 
Norway,  but  the  one  of  most  importance  commercially  is  in  the  neighbor- 
hood of  Kragerii  on  the  southeast  coast. 

According  to  Vogt  rutile  occurs  in  the  apatite  veins  of  Norway  and 
north  Sweden  in  sufficient  quantity  oftentimes  to  be  mined.  The  veins  are 
connected  with  gabbro,  and  were  formed  soon  after  the  eruption  of  the 
rock,  which  shows  characteristic  pneumatotytic  metamorphism.  Chlorine, 
with  very  little  fluorine,  is  present  in  the  veins  in  the  form  of  the  minerals 
scapoljte  and  chlorapatite.  Besides  rutile  then;  occur  other  titanium  min- 
erals, especially  ilmenitc  and  titanite,  and  the  veins  often  contain  some 
pyrite,  and  exceptionally  a  little  tourmaline." 


Introduction. — According  to  Professor  Briigger''  the  occurrence  of  rutile 
in  the  neighborhood  of  Kragerd  is  confined  to  a  large  aplitic  dike  situated 
iW)  to  300  meters  from  the  sea  and  about  100  meters  above  sea-level,  and  is 
referred  to  as  a  mtile-aplite.  The  rock  is  an  even-granular  white  aplite 
practically  without  trace  of  daik  silicate  minerals.  Brbgger  refers  to  the 
occurrence  of  rutile  in  the  middle  part  of  the  dike  as  being  uniformly 
distributed  through  the  rock  in  grains  0.5  to  2  mm.  in  size,  aod  estimated 
roughly  to  amount  to  about  5  to  10  per  cent  by  weight. 


oVogt,  J.  H,  L.,  Problems  in  the  Geologj-  of  Ore-Depoaits,  Trana.  Amer.  Inst. 
Mng.  Engrs,  1901,  pp.  646-647;  also  see  references  to  work  bv  Prof.  Vogt  in 
Zeilrch.  1  pnkt.  Gcologie,  1804-1867. 

BrOgger,  W.  C,  and  Reuacli,  H.  B.,  Vorkommen  dea  Apatite  in  Norwef^n, 
Di^utsohe  GeologiHL-he  G(!*ellseh»ft-Zeit8chrift,  1875,  Band  ixvii,  pp.  048-702. 

^Tbe  BtAtementa  which  fallow  below  have  been  taken  partly  from  a  report  made 
by  Prof,  W.  C  Briigner,  Oct.  5.  1904;  and  from  the  following  paper  by  Watson, 
Thomas  L.,  Kragerite.  A  Rutile- Bearing  Rock  from  Krageroe,  Norwav,  Amer.  Jour. 
Sci„  1912,  vol.  xxxiv,  pp.  609-SI4. 
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A  second,  and  commercially  the  meet  important,  occurrence  of  rutile  in 
the  aplite  is  referred  to  ae  Btripes  or  schljeren  of  local  enrichments  of  the 
niinernl.  Most  of  the  schlieren  consist  almost  exclusively  of  rutile,  and  these 
portione  of  the  rock  crumble  easily  to  a  grainy  rutile  powder.  The  rutile 
schlieren  are  unequally  distributed  through  the  dike,  with  the  richest  ooes 
essentially  concentrated  in  a  fev  zones,  the  largest  of  which  is  gimatod 
about  in  the  middle  of  the  dike. 

In  1904,  Professor  Brogger  discussed  the  rock  ae  a  new  member  of  tlif 
aplite  series  and  named  it  kragerite.  Concerning  this  Prof.  J,  H,  L.  Vogi" 
says : 

"BrOgger  discussed  a  new  rock,  kragerite,  a,  new  member  o(  the  aplite  sprite. 
The  rock  is  of  practical  interest  on  account  of  its  ODnt«nt  of  rutile.  In  thwrrtic 
connection,  the  Bpeaker  considered  this  rock,  which  consiats  almost  e\cluaivel> 
of  albite  and  rutile,  bb  a  differentiation  product  of  a  gabbro  magma,  analognu-  ti> 
the  appearance  of  lestiwarite,  an  aplitic  differentiation  product  of  a  nepheline  sjenilr 
magma,  etc.  In  addition  mention  waa  made,  by  analogy,  of  routivarit«,  anortl>09il«, 
and  oligoclaaite.  The  content  of  titanic  acid  in  the  kragerite  was  attribulnl  In 
pneumatolytic  processes  during  formation." 

Professor  Vogt  states,  in  a  personal  communication  to  the  senior  wriier, 
that  the  rock  has  been  found  only  at  a  single  place  in  the  nci^ililiorliinxl 
of  Kragero,  and  has  not  great  areal  extent.  It  has  been  worked  in  later 
years  for  riltile,  the  percentage  of  which  is  very  variable. 

General  dexcriplion. — The  rutile-bearing  rock''  (kragerite)  frmn 
Kragero,  Norway,  submitted  to  analysis  is  medium-grained,  of  lifiht  color. 
and  granitic  texture.  Us  most  prominent  megascopic  constituents  are  liglil 
gray  and  pinkish  feldspars  and  much  black  rutile,  with  a  little  quartz. 
Several  small  areas  of  a  green  ferromagnesian  mineral,  probably  pyroxene 
partly  altered  and  associated  with  rutile,  were  noted.  The  feldspar  ami 
quartz  grains  measure  1  to  2  mm.  in  size ;  the  rutile  grains  rarely  exceeii 
1  mm.  and  much  of  it  is  less  than  0.6  mm.  The  quantity  of  black  mtile 
and  the  reddish  color  of  a  part  of  the  feldspar  increase  the  depth  of  color 
of  the  rock.  Most  of  the  feldspar  shows  fine  albitic  twinning  on  cleava^ce 
surfaces  under  a  pocket  lens.  The  mtile,  which  is  black  and  highly  lustnns, 
is  partly  disseminated  as  small  grains  through  the  rock,  but  most  of  it 
appears  to  be  segregated  along  roughly  parallel  lines,  suggesting  the  ap- 
pearance of  imperfect  foliation,  which  Professor  Brogger  refers  to  schlieren 
of  local  enrichments  of  the  mineral. 

oProce^ingB  of  the  Scientific  Society*  of  Chriitiania.  Dec.  2,  ln04:  personal 
communication  from  Prof.  J.  H.  L.  Vogt,  March   16,  1908. 

^Several  small  apeciroenB  kindlj'  loaned  by  Mr.  Frank  L.  Hess,  Oeologist,  U.  S. 
Geol.  Surrey,  Waahington,  D.  C. 
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Microscopic  character. — A  thin  section  of  the  less  rich  rutile  portion 
of  the  rock  was  examined  under  the  microscope  and  found  to  conBiBt  of 
essentially  feldspar,  much  rutile,  some  quartz,  and  a  little  ilmenite.  No 
ferromagnesian  silicate  minerals  were  observed. 

Feldspar  is  much  the  most  abundant  constituent  and  is  composed 
chiefly  of  a  soda  plagioclase  (albite-oligoclaae)  together  with  some  niicro- 
cline  and  orthoclase,  the  latter  intergrown  with  a  second  feldspar  (alhite) 
as  microperthite.  Some  of  the  feldspar  anhedra  show  partial  micro- 
poikilitic  structure  developed  from  inclosures  of  other  feldspar,  quartz, 
and  rutile.  The  feldspars  are  quite  fresh  though  occasional  small  areas 
of  colorless  mica  due  to  alteration  occur.  Partial  peripheral  granulation 
of  a  part  of  the  feldspar  and  quartz  was  indicated,  nccompaniptl  by  slight 
bending  of  the  lamellie  of  several  plagioclase  individuals. 

When  calculated  in  the  usual  way  from  the  chemical  analysis  of  the 
rock  given  below,  the  composition  of  the  feldspar  content  corresponds  to : 

Or    67l2 

Ab    52.40 

An    5.56 

Ab,An_  ratio  9,4:1 

Or-Ab.An.  ratio   1:9.5 

Total  plagioclase   57.96 

Total  feldspar  64.08 

Butile,  the  next  most  abundant  mineral  to  feldspar,  occurs  in  irregular, 
massive  grains  to  small  idiomorphic  crystals.  Some  of  the  larger  grains 
show  partial  crystal  outline.  It  is  deep  red-brown,  distinctly  pleoehroic, 
and  frequently  shows  cleavage  and  twinning.  Some  ilmenite  is  associated 
with  the  rutile  and,  in  some  cases,  exhibits  slight  alteration  to  leucoxene. 
A  single  small  grain  of  pyrite  wa8  observed  inclosed  in  one  of  rutile. 
Apparently  the  rutile  does  not  sliow  predilection  for  one  rock  mineral  more 
than  for  another.  It  occurs  entirely  enveloped  by  feldspar,  along  the 
raturea  of  feldspar  individuals  and  of  feldspar  and  quartz,  nnd  penetrates 
for  greater  or  less  distance  into  their  substance.  The  relations  of  the  rutile 
to  the  rock  minerals  suggest  that  it  crystallized  from  the  magma  as  did 
the  feldspar  and  quartz,  and  that  the  usual  order  of  crystallization  from 
the  magma  was  observed.  These  relations  are  well  shown  in  PI.  Ill,  (igs. 
2  and  3,  microphotographs  of  thin  sections  of  the  rock. 

A  tfain  eection  of  the  rutile-rich  portion  of  the  rock,  representing 
probably  the  schlieren  of  Professor  Brogger,  was  studied  microscopically. 
It  was  composed  essentially  of  rutile,  together  with  biotite  partly  altered 
to  chlorite,  some  anhedral  grains  of  apatite,  and  an  aUered  light-cohiri'd 
silicate  mineral  probably  a  potash-feldspar. 
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In  reflected  liglit  the  rutile  is  (lark  browo  to  gray  with  faint  greenish 
tiuge;  in  transmitted  light  it  13  plcochroic,  usually  shows  good  cleavtge 
and  twinning,  is  marked  by  irregular  fractures,  and  shows  some  alt«ratdoD 
peripherally  and  along  fractures  to  leucoxene.  Biotite  of  brown  color, 
strongly  pleochroic  and  partly  altered  to  chlorite,  is  developed  in  aggre- 
gates of  shreds  having  at  times  a  radial  arrangement  or  grouping.  In- 
closures  of  the  silicate  minerals,  chiefly  biotite,  are  noted  in  the  rutile. 
and  rutile  granules  are  distributed  through  the  silicate  minerals — a  reli- 
tionship  which  apparently  indicates  contemporaneous  crystallization  of  the 
rutile  and  silicate  minerals. 

An  analysis  of  rutile  separated  from  the  rock  and  freed  as  nearly  as 
[wssible  of  silicate  minerals  yielded  tiie  following  results: 

Analysis  of  Icragerite  rutile  from  Kragero,  Norway. 
(Wu.  M.  Thobkton,  Jb.,  Analyst.) 

TfO=    97.68 

SIO  J    1.06 

FcO    0.81 

Cr,0.    0.39 

VrO, 0.55 

Total     100.49 

Specific  gravity  (J-  W.  Watsonl 4.225 . 

Chemical  composition  and  classificalion. — ^This  rock  was  analyzed  by 
J.  Wilbur  Watson  in  the  lalioratories  of  tlie  University  of  Virginia  with 
tlie  following  result: 


Analyxin  of  k-ragerilc  frutite  aplile)  from  Kmgero,  Norwai/. 
.{.J.  W.  WAT80X.  Analyst.) 


SiO,    

AlnO,      .... 

Fe:0,   

Fr<>   

MkO    

<'nO  

Na,0    

K,0  

H,0—    .... 

H:0+     .    .. 

TIOj    

P,Oi    

V:0 

MnO    

CO,   

S  

Total 


Per  cent. 

Uol. 

50.52 

842 

13.98 

137 

0.49 

no3 

O.lfi 

002 

0.34 

1.05 

020 

6.18 

100 

1.00 

oil 

0.211 

0.30 

25.00 

313 

Trace 

None 

None 

0.12 

003 
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A  noteworthy  feature  of  the  rock  as  indicated  in  the  analysis  is  the 
unusually  large  percentage  of  TiO,  which  is  present  chietiy  as  nitile  and 
to  a  minor  (stent  ilinenite.  The  high  NajO,  which  greatly  exceeds  K.O 
in  amount,  and  the  low  CaO  confirm  the  microscopic  stndy  of  tlie  composi- 
tion of  the  principal  feldspar,  as  corresponding  to  a  sodic  plagioclase  of 
the  albite-oligoclase  series. 

The  norm  as  calculated  from  the  analysis  and  the  position  of  the  rock 
in  the  quantitative  system  are  as  follows : 


yoriii  of  iragerite  (rutile  aplite)  from  Kragero,  Norway. 

Quartz    7.02 

Albite                                                   52.4(1 

Sal  -  72.31 

Corundum  O.Gl 

Hypcrsthene  . 

Hematite    0.481 

Rutile   25.04^  Pern  =  26.66 

PyritP  0.24J 

H.O  0.50 

Total  99.47 

llie  norm  places  the  rock  in  the  quantitative  system  in  the  dosalane 
class  (II),  in  the  gemianare  order  {'5),  in  the  domalkalic  rang  ('3) 
monzonase,  and  in  the  pereodic  subrang  {'5),  It  is  necessary  to  further 
subdivide  into  grad  and  section  in  order  to  show  up  the  peculiar  composition 
of  the  rock.  This  further  subdivision  places  it  in  grad  5  permitic  and 
section  5.  This  last  subdivision  (section)  is  not  provided  for  rocks  in  class 
II  (dosalane)  of  the  new  system. 

The  rock  is  a  persodic  monzonase  but  no  subrang  name  has  been 
proposed  for  the  four  known  representatives  of  the  persodic  subrang  of 
monzonase,  neither  analysis  of  which  shows  the  peculiarities  of  composition 
of  the  Norway  rock.  Since  the  rock  occupies  an  intermediate  position  in 
the  quantitative  system  and  on  account  of  its  unusual  composition  no  name 
for  the  magmatic  division  is  suggested. 
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GEOLOGY  AND  ORE  DEPOSITS  OF  THE  AMHERST-NELSON 
COUNTIES  REGION. 

LOCATION. 

The  rutile  area  of  Amherst  and  Nelson  counties,  Virginia,  liee  in  the 
west-central  part  of  the  State  slightly  northwest  of  the  geographical  center, 
and  is  about  halfway  between  Charlottesville  and  Lynchburg.  It  occupies 
the  south-central  and  Bouthwestem  parte  of  Nelson  County,  and  the 
contiguous  northeastern  portion  of  Amherst  County,  but  much  the  largest 
part  of  the  area,  and  probably  all  that  will  prove  of  economic  value  in  so 
far  as  rutile  is  concerned,  lies  in  Nelson  County,  which  includes  all  develop- 
ments thus  far  made. 

The  area  is  approximately  paralleled  by  the  Southern  Railway  which 
is  located  at  a  distance  varying  from  5  to  7  miles  to  the  southeast,  Arriiigton 
and  Tye  River,  the  two  nearest  stations,  being  the  principal  shipping 
points.  The  area  mapped  includes  approximately  170  square  miles  and  is 
rectangular  in  shape,  being  16  miles  long  by  lO^^  miles  wide,  with  the 
rutile-bearing  formation  covering  less  than  one-fifth  of  the  total  ares. 
Its  position  is  shown  in  the  index,  map,  fig.  2.  The  rutile-bearing  rocks  are 
limited  to  this  area  and  arc  confined  to  the  northwestern  half  (PI.  I). 
The  Southern  Railway  runs  along  the  southeast  side  and  just  within 
the  boundary  of  the  map. 

With  reference  to  the  major  physiographic  divisions  of  the  State,  the 
rutile  area  is  located  along  the  northwestern  edge  of  the  Piedmont  Plateau, 
within  the  outlying  foothills  of  the  Blue  Ridge,  and  almost  directly  at 
the  foot  of  the  steeper  slopes  to  the  main  range.  It  lies  wholly  within 
the  region  of  old  crystalline  rocks  of  the  eastern  United  States  extending 
from  Maine  to  Alabama.  The  rocke  included  within  the  area  mapped  are 
regarded  as  igneous  in  origin. 

DISTEICTS  (S1TBDIVISI0N8). 

The  area  mapped  may  be  divided  into  three  districts,  named  and  their 
limits  defined,  as  follows: 

I.  The  Roseland  district  which  extends  as  a  long,  narrow  belt  from  a 
point  about  2  miles  northeast  of  Bryant,  Nelson  County,  in  a  southwest 
direction  across  Piney  River  into  Amherst  County,  a  total  length  of  13 
miles  and  a  maximum  width  of  about  2.6  miles.  Roseland  Poet-cdfice, 
from  which  the  district  derives  its  name,  is  located  near  the  entrance  of 
Hat  Creek  into  Tye  River,  approximately  halfway  between  the  northeast 
and  southwest  extremities  of  the  district. 
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II.  The  Lovingslon  dislricl  which  haB  no  definite  boundaries  but 
comprisi'fi  an  area  about  4  miles  long  by  2  miles  wide,  witli  Lovin^ton. 
tliL'  county  seat  of  Nelson  County,  located  near  the  middle  of  tlie  east  side 
of  the  district. 

III.  The  Davi^  Creek  dislricl  which  is  located  on  the  north  side  of 
Davis  Creek,  and  in  some  respects  is  similar  geologically  to  tlie  Lovingston 
district  but  of  smaller  areal  extent. 

This  tlireefold  division  of  the  region  offers  certain  advantages,  but  it 
t!>  only  partly  followed  in  the  method  of  treatment  in  the  succeeding 
pages.  In  the  Lovingston  district  i-ertain  rock  types  that  are  found  are 
dcpcrilwd  on  pages  1S8-201. 

TOFOGBAFHT. 

A  reconnaissance  topographic  map  of  the  area,  adopted  from  the  Buck- 
ingham and  Lexington  sheets  of  the  United  States  Geological  Survey,  with 
the  ru tile- bearing  formation  outlined  in  heavy  broken  lines,  is  given  on 
page  4.1.  fig.  3.  The  map  serves  to  indicate  in  a  general  way  the  n'la- 
lions  of  the  larger  topographic  featiires  of  the  area  to  the  bell  of  rutile- 
beariiig  rock.  This  belt  extends  in  a  genera!  northeast -southwest  direction 
for  approximately  16  miles,  while  the  greatest  width  does  not  exceed  3.6 
miles. 

It  occupies  an  area  of  comparatively  low  relief  having  an  average  ele- 
vation of  about  800  feet,  while  the  surrounding  country  immediately  to 
the  north,  east,  and  west,  rises  to  an  elevation  of  from  1,400  to  1,500  feet 
exc-ept  where  the  rivers  and  larger  streams  have  incised  their  valleys.  The 
only  elevation  of  importance  found  within  the  low-lying,  ru  tile-bearing 
formation  is  Mars  Mountain,  which  has  an  elevation  of  a  little  over  1,500 
feet;  but  this  mountain,  geologically  as  well  as  physiographically,  belongs 
with  the  surrounding  country  with  which  it  is  probably  connected.  Passing 
northeast  from  the  area  mapped  the  hills  become  slightly  higher,  reaching 
an  average  elevation  of  2,000  feet  or  more,  while  on  the  northwest,  within 
5  miles  of  the  ru  tile-bearing  area,  outlying  peaks  of  the  Blue  Ridge  rise 
to  altitudes  ranging  from  3,000  to  more  than  4,000  feet, 

Tye  and  Piney  rivers  drain  the  central  and  largest  part  of  the  area ; 
Buffalo  River  and  its  northeast  tributaries  drain  the  extreme  southwest 
portion,  while  a  small  section  around  Lovingston  occupying  the  northeast 
part  of  tiio  area  is  drained  by  Rucker's  Run.  The  general  direction  of 
drainage  is  toward  the  southeast  into  James  River,  the  only  important 
exception  being  Hat  Creek,  which  drains  the  northeast  end  of  the  futile 
belt  and  flows  southwest  into  Tve  River. 
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W£ATH£BIHa. 

In  this  region  as  elBewbere  in  the  Piedmont  Plateau  province  of  the 
Atlantic  sMes  erosion  has  not  been  sufficiently  rapid  to  remoTe  the 
products  of  rock  decay  formed  by  weathering.  Most  of  the  area  is  covered 
to  a  variable  depth  by  a  mantle  of  residual  rock  decay,  and  moderately 
fresh  hard  rock  e^iposurea  are  rare  except  in  stream  beds  and  along  stream 
courses.  This  fact  together  with  the  intense  metamorphism  which  all  the 
rocks  have  undergone  makes  accurate  mapping  difficult,  and  in  some  placet 
impossible. 

The  depth  of  residual  rock  decay  varies  considerably,  but  in  places  it 
extends  to  a  depth  of  30  feet  and  is  possibly  much  deeper.  A  photograph 
taken  200  yards  west  of  Lovingston  (PI.  IV,  fig.  1)  shows  the  gradatioD 
of  residual  rock  decay  into  the  underlying,  nearly  fresh  and  hard  biotite 
gneiss.  Here  near  the  foot  of  the  mountain  a  deep  Rully  has  cut  through 
the  cover  of  rock  decay,  which  at  this  point  has  a  maicimnm  depth  of  about 
20  feet.  Every  gradation  is  shown  from  the  soil  at  the  surface  to  the 
fresh  gneiss  exposed  in  the  bottom  of  the  gully. 

Alluvial  soils  are  confined  to  the  immediate  vicinity  of  the  rivers  and 
one  or  two  of  the  larger  creeks,  but  they  are  in  no  place  extensive  for  all 
the  streams  in  this  area  have  either  moderate  or  steep  gradients,  and  at 
present  are  transporting  rather  than  depositing  material. 

Since  practically  all  the  soils  are  residual,  their  character  and  com- 
position are  directly  due  to  the  rocks  from  which  they  have  been  derived. 
One  of  the  moat  ooticeable  features  of  the  area  is  the  white  clay  soil  found 
over  much  of  the  central  part  of  the  rutile-bearing  portion.  This  white 
clay  forms  a  striking  contrast  to  the  deep  red  color  of  the  soils  suiroundinj! 
the  area,  red  being  the  prevailing  shade  over  most  of  the  Piedmont  regioo. 
These  white  soils  are  residual  clays  derived  by  weathering  from  the  decay 
of  a  highly  feldspathic  rock  (syenite)  that  is  practically  free  from  iron- 
bearing  minerals  except  along  border  positions.  Near  the  borders  of  the 
rutile-bearing  rock  (syenite)  the  soil  is  often  found  unusually  highly 
colored  with  ferric  oxide,  due  to  the  segregation  of  iron-bearing  mineralB, 
principally  pyroxene  and  its  alteration  product  hornblende,  in  this  portion 
of  the  underlying  rock-mass.  The  color  of  the  soils  surrounding  the  ares, 
which  are  mostly  derived  from  quartz  monzonite  gneiss,  is  primarily  due 
to  iron  set  free  as  oxide  by  the  decay  of  black  mica,  biotite. 

As  shown  by  the  analyses  on  pages  304-206  alt  the  rocks  in  this  region 
average  high  in  phosphoric  acid,  ranging  from  about  0.50  per  cent  PjO. 
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lATHKRKD   (PITTED)    SURFACE  OF  SYEXITE-GXF.ISS. 


HISTORY   OF    MINING.  4? 

in  the  surroimding  gneiss  and  0,35  per  cent  in  the  syenite,  up  to  13  per 
ceDt  in  some  of  the  nelaonite  bodies.  Largely  because  of  this  high  phos- 
phorus content  the  soils  of  this  area  are  much  more  fertile  than  the  average 
residnal  soil  of  the  Piedmont  province.  Indeed  the  fertility  of  the  soils  of 
this  district  is  in  marked  contrast  to  much  of  that  of  the  neighboring 
country. 

Because  of  the  marked  difference  in  resistance  to  weathering  shown 
bv  some  of  the  minerals  locally  important  as  rock-forming  constituents, 
the  rocks  within  the  rutile  area  frequently  exhibit  noteworthy  examples 
of  differential  weathering.  The  commonest  form  of  differential  weathering 
is  noted  in  the  nelsonites.  Wherever  the  nelsonite  rocks  have  been  exposed 
for  any  considerable  time  at  the  Burface  the  apatite  has  been  readily  re- 
moved through  solution  by  meteoric  waters,  leaving  the  more  resistant 
ilmenite  and  mtile  of  the  rock  in  the  form  of  a  cellular  or  epongelike  mass. 
Plate  XII,  fig.  2,  shows  a  piece  of  weathered  ilmenite  nelsonite  picked  up  on 
the  surface  of  the  Waxwiti  tract,  1,5  miles  northwest  of  Bose'a  Mill,  which 
illustrates  the  typical  weathering  of  nelsonite.  Likewise  the  gabbro-nel- 
eonites  usually  show  similar  pitted  surfaces  from  weathering.  A  peculiar 
occurrence  of  large  crystals  of  apatite  in  the  syenite  and  its  resultant 
weathering  is  described  under  syenite  on  page  81. 

A  second  type  of  differential  weathering  in  the  district  is  shown 
(PI.  V,  figs.  1  and  3)  in  some  exposures  of  syenite  in  the  bluff  on  the 
east  side  of  Tye  River,  three-quarters  of  a  mile  northwest  of  Roseland. 
Here  the  rock  is  honeycombed  with  irregular  cavities  ranging  up  to  7  or  8 
inches  in  length,  2  inches  in  width,  and  3  inches  in  depth,  but  averaging 
about  3  inches  long  by  three-quarters  of  an  inch  wide  and  1.5  inches  deep. 
These  cavitiea  are  parallel  to  the  echistoaity  of  the  rock  which  has  a  strike 
of  S.  55°  W.  and  dips  northwest  at  an  angle  of  about  70  degrees.  The 
rock  at  this  locality  is  composed  almost  entirely  of  feldspars  and  blue 
quartz,  the  latter  occurring  in  long  drawn-out  thin  lenses  and  irregular 
grains.  The  cavities  are  apparently  due  to  kaolinization  and  removal 
of  the  feldspar. 

HISTOKY  OF  HIKING. 

At  many  places  in  the  district  ilmenite  is  found  scattered  over  the 
surface  as  sand,  or  in  loose  masses  varying  in  size  up  to  a  quarter  of  a  ton 
or  more.  These  loose  rock  masses,  which  have  resulted  from  weathering  of 
nelsonite  dikes  rich  in  ilmenite,  are  black,  have  a  metallic  lustre,  and  are 
usually  pitted  by  reason  of  the  removal  by  solution  of  apatite.    They  early 
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attracted  attention  and  were  locally  known  as  iron  stones,  Init  there  is  do 
record  of  any  attempt  to  make  use  of  this  material  until  1878,  when  the 
Philadelphia  and  Reading  Coal  and  Iron  Company  purchased  the  Warwick 
farm  1.5  miles  northwest  of  Rose's  Mill,  and  the  mineral  rights  on  the 
Blue  Rock  farm  2  miles  northeast  of  Roseland. 

It  was  the  intention  of  this  company  to  work  the  properties  for  iron, 
and  development  work  was  begun  on  the  Warwick  farm  where  a  shaft  was 
sunk  to  expose  one  of  the  large  nelsonite  bodies  outcropping  on  the  south 
side  of  Piney  River,  in  Amherst  County,  but  this  work  was  soon  abandoned. 
On  December  1,  1896,  title  to  both  properties  was  transferred  to  the 
Reading  Iron  Company.  Nothing  farther  was  done  in  the  district  until 
attention  was  again  drawn  to  the  nelsonite  bodies  because  of  their  phoe- 
pbatic  content. 

In  188SI,  the  Virginia  Mining  and  Manufacturing  Company  acquired 
mineral  rights  to  several  properties  in  the  vicinity  of  Bryant  Post-offit't 
on  Hat  Creek  and  began  development  work.  About  300  yards  northeast  of 
the  Post-office  a  vertical  shaft  was  sunk  on  an  apatite-ilmenite  (nelsonite) 
body  to  a  depth  of  about  60  feet,  and  the  dike  was  proved  by  numerous 
trenches  for  a  distance  of  600  yards  along  the  strike.  At  the  same  lime 
pits  and  trenches  were  dug  wherever  there  were  surface  indications,  and 
many  ore-bodies  were  uncovered. 

On  the  Camden  farm,  about  2  miles  northeast  of  Bryant,  a  tunnel 
about  200  yards  long  was  driven  to  cut  one  of  the  nelsonite  bodies,  "n 
Davis  Creek  several  shafts  and  tunnels  were  driven,  but  it  is  reporled 
that  the  ore-bodies  opened  were  small  and  low  in  the  percentage  of  apatite. 
At  this  date  all  workings  have  caved  and  nothing  is  to  be  seen  ou  the 
surface.  After  accomplishing  a  large  amount  of  development  work  the 
Virginia  Mining  and  Manufacturing  Company  failiMl  and  the  properit 
owners  finally  rec-overed  title  to  the  mineral  rights  by  suit. 

In  April,  1834,  the  Virginia  I'liot^phate  and  Paint  Corporation  pnr- 
chased  the  Giles  tract,  tliree-qnavters  of  a  mile  northweiit  of  Ro>flini(l.  ami 
a  year  later  the  Quinn  place,  one  mile  north  of  Rose's  Mill.  Both  of  the**' 
properties  were  developed  by  means  of  trenches,  pita,  and  shafts,  and  on 
the  Gilc.i  tract  a  niimlwr  of  diamond  drill  holes  were  bored  to  ascertain 
the  size  and  quality  of  the  ore-bodies.  It  was  the  intention  of  thi.«  c-om- 
pany  to  make  a  separation  of  the  npatitf  and  ilmenite.  using  the  former 
for  fertilisers  and  the  latter  in  the  manufacture  of  paint,  but  thus  far  no 
work  lias  been  done  on  a  commercial  scale. 

In  100;{,  the  W.  M.  Camp  Phosphate  Company  purchased  the  Shelton 
farm  which  lies  on  the  west  side  of  Tye  River,  one  mile  above  Roselami. 
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and  soon  after  obtained  the  mineral  rights  to  many  other  properties  lying 
between  Bryant  and  Rose's  Mill.  Moat  of  these  properties  were  developed 
by  means  of  surface  cuts,  but  no  work  was  done  other  than  to  expose  the 
ore-bodies.  These  properties  were  transferred  to  the  N'elson  Mining  and 
Manufacturing  Corporation  in  November,  1907. 

Id  the  Lovingston  district  as  in  the  vicinity  of  Koseland  the  first 
prospecting  was  for  iron.  On  the  Whitehead  and  Bradshaw  farms,  1.5 
miles  southeast  of  Lovingston,  there  are  some  small  pits  which  are  reported 
to  have  been  opened  about  40  years  ago.  These  pits  exposed  neUonite 
bodies  carrying  titaniferous  magnetite  and  apatite. 

During  the  past  few  years  there  has  been  much  prospecting  for  phos- 
phate rock  and  some  development  work  has  resulted,  especially  on  the 
DtUard  farm  where  several  shafts  were  sunk.  A  number  of  car-load  ship- 
ments of  phosphate  rock  were  made  from  this  place,  but  in  1907  the 
property  was  sold  to  the  American  Phosphate  Mining  Company,  and  since 
then  DO  work  has  been  done.  The  mineral  rights  to  several  other  properties 
in  this  district  have  recently  been  sold,  but  almost  no  development  work 
has  been  nndertaken  to  ascertain  what  they  contain. 

The  occurrence  of  rutile  in  the  Amherst-Nelson  counties  region  has 
been  known  for  many  years  and,  while  specimens  picked  up  on  the  surface 
were  sometimes  sold,  no  attempt  was  made  to  exploit  the  rutile-bearing 
deposits  of  the  district  until  1900.  In  this  year  the  American  Rutile 
Company  began  operations  on  the  east  side  of  Tye  River,  a  quarter  of  a 
mile  south  of  Roseland,  where  rutile  occurs  as  disseminated  grains  in  the 
hard  rock  syenite,  and  several  shipments  of  the  ore  were  made  to  Charlotte, 
North  Carolina,  for  concentration.  In  1902,  the  company  purchased  the 
property  and  erected  a  stamp  mill  for  crushing  and  concentrating  the 
ore,  which  was  mined  entirely  from  open  cuts  in  the  bluSs  near  the  east 
side  of  the  river. 

The  ore,  of  which  there  is  a  large  quantity  in  sight,  probably  averages 
about  5  per  cent  of  the  rock,  and  is  remarkably  pure.  The  rocks  on  this 
property,  as  well  as  over  the  district  in  general,  are  covered  by  a  varying 
depth  of  residual  rock  decay  which  contains  large  quantities  of  rutile  in 
plsces,  especially  in  the  soil  overlying  the  ore-bodies.  Some  of  these 
residual  deposits  could  undoubtedly  be  worked  to  advantage  by  hydraulic 
mining,  as  there  is  usually  an  abundance  of  water  close  at  hand.  Since 
the  above  property  was  opened  the  Nelson  County  deposits  have  supplied 
all  the  rutile  used  in  this  country,  and  much  of  the  output  has  been  sliipped 
abroad,  but  the  demand  has  been  limited  and  not  sufficient  to  keep  the  mill 
in  coDtinuous  operatiou.  In  1907,  the  company  purchased  the  Hubard 
tract  on  the  opposite  side  of  Tye  River, 
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The  (JeDeral  Electric  Company  entered  the  district  in  1907,  and,  after 
prospecting  several  properties  for  mtile,  began  active  development  of  some 
nitUe-bearing  nelsonite  bodies  on  the  Warwick  farm  1.5  milee  northwest  of 
Rose's  Mill.  The  development  work  comprised  several  hundred  feet  of 
tunneling,  including  drifts,  and  two  shaftB,  the  deeper  of  which  waa  sunk  to 
a  depth  of  100  feet.  In  eome  places  the  rutile  is  very  pure,  but  of  darker 
color  than  the  syenite  rutile  mined  by  the  American  Rutile  Company ;  in 
others  it  grades  into  ilmenite.  Rutile  has  not  been  found  on  this  property 
in  the  syenite  sufficiently  segregated  to  be  of  workable  grade.  The  ore  ba^ 
been  mined  by  stoping  and  shipped  to  Allentown,  Pennsylvania,  for  con- 
centrating. In  1910,  the  General  Electric  Company  leased  and  operated  the 
mines  and  mill  of  the  American  Rutile  Company  for  a  part  of  the  year. 
Since  the  expiration  of  the  lease  the  property  has  been  operated  by  the 
owner,  the  American  Rutile  Company,  which  is  at  present  the  only  operator 
in  the  district. 

The  syenitic  rock  of  the  Roseland  district  is  often  free  from  iroo- 
bearing  minerals,  and  weathers  to  a  remarkably  pure  white  kaolin.  In 
1890,  the  Pittsburg  Kaolin  Company  erected  a  mill  and  drying  plant  on 
the  Giles  farm  one  mile  north  of  Roseland.  The  kaolin  was  mined  from 
surface  cuts,  dried  in  a  steam  dry-house,  and  separated  from  the  small 
amount  of  quartz  present  by  screening.  It  was  packed  for  shipment  in 
large  paper  sacks,  and  most  of  it  was  used  as  a  filler  in  the  manufacture 
of  paper.  After  operating  for  about  5  years  the  plant  was  shut  down 
because  of  a  law  suit  among  the  stockholders,  and  since  then  it  has  cot 
been  in  operation. 

In  1907,  the  Saunders  farm,  2  miles  west  of  Claypool,  was  prospected 
for  kaolin.  Numerous  auger  holes  were  bored  and  it  is  reported  that  a 
very  good  grade  of  kaolin  was  found,  but  as  yet  no  development  work  has 
been  undertaken. 

FBODircnoR. 

Practically  the  entire  production  of  mtile  in  the  Amherst-Nelson 
counties  area  has  been  from  the  American  Rutile  Company's  quarries  at 
Roeeland.  During  the  progress  of  development  work  by  the  General 
Electric  Company  of  Schenectady,  New  York,  on  the  Warwick  tract  15 
miles  northwest  of  Rose's  Mill,  some  ore  was  shipped  to  Pennsylvania  for 
concentrating,  but  complete  statistics"  are  not  obtainable. 

oAccording  to  Mr.  Frank  L.  Hess  about  100  tons  of  nitfle  ore,  containing  60  per 
cent  TiOu  were  shipped  to  a  Pennajlvania  oompanj  in  1000  for  coneentntiiig  ud 
reported  to  have  yielded  36  tons  of  concentrates,  Min.  Baa.  of  the  United  States,  IMR. 
pt.  1,  p.  680. 
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The  American  Rutile  Company's  concentrating  mill  at  Roseland  was 
completed  in  November,  1902,  and  the  statiBtics  of  prodactioD  given  below 
date  from  the  time  the  mill  was  pnt  in  operation,  in  1903,  to  the  close 
of  the  year  1912.  Owing  to  the  limited  demand  for  rutile  ore  the  mill 
has  been  operated  only  for  a  part  of  each  year.  The  milled  stock  on  hand 
■t  the  close  of  1910,  from  ore  mined  during  that  year,  was  snfficieDt  to 
meet  the  demands  of  the  market  during  the  year  1911,  hence  there  was 
DO  prodaction  for  1911,  but  operations  were  again  reenmed  in  1912. 

Through  the  courtesy  of  Mr.  W.  M.  Slater,  President  of  the  American 
Rutile  Company,  we  are  enabled  to  give  below  the  complete  statistics  of 
production  by  the  company  from  the  begiDoing  of  milling  operations,  in 
1903,  to  the  close  of  1912. 


Rutile  produced  i 


Nelson  County,   Virginia,  by  the  American  RuUla 
Oompany.  190S-1912. 


(Bhort  Ton*) 

..  .              U 

1904 

43 

16 

::::::::::::::::::     us 

1908^ 

16 

1910* 

566 

1912' 

276 

Total  

izTb 

The   rutile  produced   at  present  by  the  American   Rutile   Company, 
operating  at  Roseland,  Nelson  County,  Virginia,  and  the  only  producer  in 


oRutile  concentratcB  containing  76  to  98  per  cent  TiO,. 

ATwenty'seven  tons  of  ilmenlte  conaentratei  were  sold  bv  the  company. 

oFrom  Oct.  Zfid  to  Dec.  30th,  IHM,  the  General  Electric  Company,  leasing  tha 
qiUTries  and  mill  of  th«  American  Bntite  Company,  produced  86  tons  of  nitilo 
eoncaitrates. 

dprom  Jan.  lit  to  June  lit,  1910,  the  General  Electric  Company,  operating  th« 
American  Kntile  Company's  property  at  Boaeland,  produced  248  tona  of  rutile 


«H«re  waa  no  prodnction  in  1911,  as  the  unsold  concentrates  on  hand  at  the 
eloM  of  1910  were  ample  for  the  demands  of  1911. 

rihe  company  did  not  begin  operations  in  1918  imtll  June,  and  in  addition 
ta  the  E7S  short  tons  of  mtile  concentrates,  averaging  from  80  to  8S  per  cent  TIOu 
produced  100  tmis  of  ilmenlte  concentrate!.  Ilie  ilmenite  waa  separated  from  tha 
mtile  by  an  electro- magnet,  and  is  especially  adapted  for  making  ferro-titaniiun. 
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the  state  in  1913,  is  used  for  a  variety  of  purposes.  It  is  used  for  making 
the  alloy  ferro-titanium  for  use  iu  the  manufacture  of  titanium  steel  chiefly 
as  rails  for  railroads;  for  the  manufactnTC  of  titanium  electrodes  of  the 
"magnetite"  arc  lamp ;  for  the  ceramic  trade ;  and  in  the  manufacture  of 
titanium  salts  for  use  in  dyeing  leather  and  textiles. 

A  full  discuBsion  of  the  uses  of  titanium  is  given  on  pages  270-289  of 
this  report. 

PRICES. 

The  prices  paid  for  rutile  range  from  $30.00  to  $160.00  per  short  ton, 
according  to  purity  and  quantity.  Higher  prices  are  obtained  for  pnl* 
Terized  rutile  and  for  extra  pure  grades  of  the  mineral. 

UTEKATTTEE. 

Knowledge  of  the  occurrence  of  rutile  in  Virginia  dates  back  many 
years,  bot  publications  relating  thereto  are  comparatively  few.  With  onlj 
one  exception,  the  published  references  relating  to  the  Virginia  deposits 
are  of  recent  date  and  have  been  contributed  since  1900,  when  the 
exploiting  of  rutile  in  the  State  commenced.  The  published  literature 
relating  to  the  area  therefore  is  small.  Since  the  beginning  of  mining 
operations  at  Boaeland,  in  1900,  by  the  American  Rutile  Company,  and 
near  Hose's  Mill,  in  1907,  by  the  General  Electric  Company,  a  number  of 
geologists  have  visited  the  area  and  published  brief  statements  on  the 
geologic  and  economic  features,  more  especially  of  thoee  parts  of  the  ares 
under  development.  Most  of  the  published  statements  relate  more  to  the 
economic  than  to  the  geologic  features  of  the  area.  The  bibliography 
below  includes  all  known  publications  relating  to  the  Virginia  titaniam- 
bearing  areas,  including  Amherst  and  Nelson  counties,  Goochland  and 
Hanover  counties,  and  Roanoke  County. 

Anon.  (Special  Correspondent).     Rutile  Deposits  of  Virginia. 

Mining  and  Scientiflc  PreM,  1909,  voL  xovlii,  p.  89S. 

Deicrlbei  tbe  occarrcnce  of  mtlle  Bod  Ilmcnoratlle  od  ttie  propcrt)'  of  tba  Qaiutl 
BlMtrlc  Compuir  In  dlkca,  eompoMd  of  rutile  tnd  apttlW.  and  of  llmcnoniUlc  and  «p«dtt. 
with  B  imBll  amount  of  llmenlCe  oecurrluiF  In  botJi  kind*  of  dlkM,  tnd  mt  tinea  loii* 
feldipar  and  a  iiuall  amount  of  blotlte.  Tbe  dikea  are  atated  to  range  up  to  6  feet  ti 
tbldmeea.  Mentions  tbe  occurrence  of  llmenlte  wltH  apatlta  In  ilmllar  dIkea.  and  ititN 
tkat  all  cut  large  dike*  of  peematlta  whlcb  carr;  nitlla:  tbe  llmailte.apatlte  rock  hM 
been  called  "nelionlte"  b;  Wation.  Tbe  autbor  relen  to  tba  mtUa  dapoalt  voifcad  k} 
tbe  American  Rutile  Companj.  at  Boaeland,  aa  followa:  "Tbe  ratUe  occuri  aa  as  <Hlclitv 
eonetltuent  of  a  broad  pegmatite  dike  of  tbe  aama  Tarietj  aa  that  wUA  fbma  tbt 
eountrr  rock  on  tbe  General  Electric  Compaay'a  propartr  at  Boaa'a  HUI,  and  la  anadMlIf 
Begregated  to  be  workable.  The  other  mlnerala  contained  In  tba  dike  are  alblta  (filmtu 
maeb  the  greater  part  of  tbe  rock),  bright  bloa  qnarta,  bomblenda,  and  mlmw  aoom^ 
of  apatite.     A  amall  percentage  of  the  concentrate  la  llmenlte  and  nmeaonttUa." 
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Catlett,  Chasles.  Occurrence  of  Rutile  in  Virginia.  Discussion  of 
Paper  by  T.  L.  Wstson. 

Economic  Geology,  1907,  vol.  ii,  pp.  700-797.    . 

Under  the  headlQK  "DIscDUloD,"  in  EcDDOmic  Geology,  190T.  Hr.  Cltlelt  brieflj  notai 
tlie  occnrrence  of  mlitorci  of  nitll«  wltb  apatlie.  and  of  magnetite  and  apttlte,  In  the 
Ndwn  CountT  area.  At  tlm«  tbe  maEiietlte  ta  replaced  b;  llmenlte.  Be  aara:  "The 
occurrnice   Ifl   ver;  pecnllar  In  view  of  the  eictreme  dlfflcultr  of  aeparatlDS  titanlinn  and 

phoBphoros    In    ordlnar;    chemical    opeiatlona"    (p.    T9T). 

Hess,  Frank  L.  Nickel,  Cobalt,  Tungsten,  Vanadium,  Molybdenum, 
Titaninm,  Etc. 

Uineral  Resources  of  the  United  SUtes,  U.  8.  Geol.  Survey,  1900,  pp.  S29-SSI; 
Ibid.,  1907,  Part  I,  pp.  720-721;  Ibid.,  1908,  Part  I,  pp.  742-746;  Ibid,  for  1909, 
Part  I,  p.  £86;    Ibid,  for  ISIO,  Part  I,  pp.  702-703. 

Describee  the  general  geologic  and  economic  fentnrea  of  tbe  pcipnatlte  mttle  mlnad 
near  Roaeland,  by  the  Amerlom  Ruttle  CoiDpan;,  and  of  tbe  neteonlte  rutile  occnrrlnt 
near  Roae'a  UlU,  under  development  by  tbe  Qeneral  Hlectrlc  Companr.  The  author  men- 
tlnu  tbe  occurrence  ol  llmenorutlle  la  some  of  tbe  neleonlte  dlkei  In  the  Nalaon  CoDDty 
area.  He  dellnea  llmenorutlle  as  uaed  by  bim  aa  "a  mineral  eontalnlna  too  mnch  Iron  to 
be  elaaaed  aa  nitlle  and  too  much  titanium  to  be  cIsBsed  aa  llmenlte?'  Olvee  atntlatlc* 
of  rutile  production. 

Hess,  Prank  L.     New  Rutile  Deposits  near  Bichmond,  Va. 


Tbe  rutile  depoalta  deacrlbed  were  examined  b;  the  aathar  In   Uar,   1910,  and  ai« 
located,  one  In  Hanover  Count;  near  Gouldln,  tbe  other  In  Qoochland  Count;  near  Peer*, 


jocaieo.  one  in  uanover  <^ouiii;  near  uoumin,  ine  oiner  in  uoocniana  i^ouniy  oear  reerv, 
dlitant  35  and  IT  mllea.  reBpectlvel;.  from  Richmond.  The  country  rock  Is  cnetea  of 
rarlable  compoBlIlon.  eontalnlnK  In  many  places  much  blotlte  and  hornblende,  with  about 
Mual  quantities  of  feldspar  and  quartz,      in  places  the  gnelsi  Is  made  Up  almost  entirely 


pegmatite  dikes,  Che  pegmatite  usually  lying  between  the  structure  planes  of  the  gnelsa, 
and  waa  believed  to  have  been  lotruded  under  great  pcessure.  Both  gneiss  and  pegmatite 
are  deromposed  for  many  (eet  below  the  surface. 

Rutile  occurs  on  tbe  sarface  In  loose  grains  and  large  pieces  weighing  16  to  20 
pound*  on  tbe  Bowe  farm  and  ZOO  to  300  pounds  on  the  Nucbols  farm,  and  as  dots  and 
streaks  of  reddish  rutile  in  association  with  llmenlte  In  the  pegmatite  dikes.  Tbe  rutile 
' Delated  with  llmenlte,  and  some  apatite  occurs  with  tbe  rutile  and  llmenlte.      Rntlle 


and  llmenlte  occur  In  stringers  H-  to  ^-Inch  tblck.  In  close  relation  to  streaks  of  blotlte 
mica,  "The  various  narrow  banoB  and  stringers  In  tbe  pegmatite  may  represent  In  part 
original   flow  structure,   but  are  also  due   to  later   crushing.     Tbe   whole  dike   has  been 


appeara 
of  the 


. ._ taken  on  aomethlng  of  the  gnelssold  appearance  of  tbe  surrounding 

rocks.    The  quartz  has  been  recemented  and  Is  comparatively  solid,  but  the  mtlle  bi  In 
angular  fragments  and  haa  not  beeu  recemented.     Tbere  Is  some  bydroua  Iron  oxide  wblch 

'-  ^--re  tieen  formed  from   the  decomposition  of  pyrlto.     In  the  more  southerly 

t  holes,  wblch  are  only  16  feet  apart,  the  rutile  occurs  In  thin  strlngen 

rouebout  the  width  of  the  dike.  The  stringers  are  about  %  Inch  or  less  tblck,  and 
iDOUt  2  to  3  inches  apart."  Tbe  autbor  mentions  "aggregations  of  peculiar  blue  quarts 
wllb  llmenlte  and  plagloclase  feldspar,  similar  to  tbe  minerals  accompanying  rutile  In 
Che  deposits  at  Roaeland."  Prospecting,  In  tbe  nature  of  shallow  shafti,  pita,  and 
trenches  for  rutile.  haa  been  carried  on  at  several  places.  A  brief  statement  of  tbe  uses 
of  nitlle  concludes  the  paper. 


IfsRsiLL,  Geobus  p.    Rntile  Mining  in  Virginia. 


•  tbe  location  of  the  rutile  deposits  on  both  sides  of  Tye  River  In  the  tIc 

ot  Roaeland,  and  the  llthologic  characters  of  the  rocks.  Including  tbe  country  rock,  foil 
gnelaa.  the  mtlle-bearlng  quarts -feldspar  rock,  and  tbe  dikes  of  bypersCbene  diabaae. 
author  describes  tbe  rutlle-bearlng  rock  aa  follows : 

"Tlie    petrographlc    character    of    the    rock    Is    very    Interesting, 
type,   as   already   stated.    Is   a   coarsely   ci — '"'" — •-   -'   ~ 
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feldipan  of  ■  Terr  llRtit  sray.  almost  wblte,  color,  throDKhant  which  i 

the  nnall  nitll«a  like  tfie  pbcnociTiti  of  oauti  In  the  Ctulk  UooDtaln,  Colonuta.  NetadlU. 
u  dtauibed  br  Dr.  Whltmui  Crota.  Wfth  thia  it  tatoclated  a.  pccnUftr  hlnUh  optlcaMat 
qnarti  wblcb.  howerer.  ocean  odder  aach  condltlotu  •■  to  ingseat  that  It  la  not  •  rtntt 
of  prlmarr  ctTaullIiatlon.  Occaalanallj,  u  at  the  opeulns  at  yttttat  belDB  worked,  tka 
qnarta  piedDmlnated  over  all  other  conatltDenta,  and  niaaaea  of  leTaral  tosa'  wdfht  an 
procared  In  which  the  rotlle  Erannles  occnr  In  qaantltlea  op  to  25  per  cent  Ot  the  Bttbt 
maaa.  The  cock  la  remarkBhlr  free  from  other  minerals  than  those  mentioned,  with  thi 
exception  of  mlcroacoplc  lucloaorea  of  eerlclte  Aaulttns  from  the  feldapathle  Bltaratl<B. 
There  la  a  complete  sbsence  of  tltaDlferoua  Iroa  or  other  hearr  mlnerab  each  as  would 
render  dlfflcalt  a  aeparitlon  ot  the  mtlle  b;  ordlnar;  graTtmetrlc  metboda." 

ResarillnR  the  (ic<:urTence  ot  the  ore,  rutlle.  he  aaya :  "Tbe  ore  oecura  mslnlr  to  tlu 
form  of  amali  granules  ot  all  iliea  up  to  2  or  8  millimeters  in  diameter,  which  are  some- 
times disseminated  with  wooderful  uolformit;  throughout  tbe  feldspatbic  iroondmssi  or 
■sain  segregated  In  the  qusrti." 

Merbill,  Georoe  p.     The  Nonmetallic  Minerals. 

New  York,  1B04,  pp.   100-110. 

Dr.  Merrill  brlellT  deacrlbea  the  Kelson  Count;,  Tlrginla,  rutlle  deposlta  near  Res*- 
land,  (be  description  being  eaaenllall;  an  abstract  of  his  paper  pobllshed  In  1902.  soud 
In  tbe  lltle  above,  and  does  not  preaent  anr  new  facta. 

Pratt,  Joseph  Hyde.    The  Steel  Hardening  Minerals. 

Mineral  Reeouroes  of  tbe  United  States.  U.  S.  Geol.  Surrey.  1903,  p.  103;  Ibid.. 
IMS.  p.  414. 

The  Bulhor  males  brief  mention  of  tbe  occurrence  of  rutlle  near  Roselaod.  In  Nelics 
County,  Virginia. 

lioBERTSON,  Robert.  An  EseminatioD  of  Blue  Quartz,  from  Xelson 
County,  Virginia. 

Th«  Virginias,  1S35,  vol.  vi,  pp.  2-3.  Reprinted  from  Cliemical  News.  London, 
England. 

The  author  brleQy  refers  to  the  location,  extent,  and  character  ot  tbe  nitlte-besrUic 
blue  quart  I- feldspar  bell  In  Nelson  County,  locally  knann  as  tbe  "kaolin  belt."  Ht 
describes  [be  blue  quarli  and  In  explanation  of  the  blue  color  says : 

"A  fragment  was  fused  before  tbe  hot-blaat  blowpipe  Dame  and  retained  lu  blue 
color.  Tbe  pnWerlzed  mineral  was  digested  In  hydrochloric  add  to  remove  all  ferric 
oxide  Which  might  exist  in  tbeae  Dims,  and  then  treated  with  hydroBuorlc  acid  to  remoTc 
all  silica.     The  analyses  presented  the  following  composition  : 

Ferric   oxide U.S89 

Titanic    oxide 0.069 

Silica    (by    dlir.J 99.892 

"A  thin  section  of  tbe  rock  was  examined  under  the  microseops  and  found  to  show 
throoiboat  the  maaa  a  network  of  extremely  thin  adcutar  brown  cryatala.  tboa  preseatBig. 


lagnlQed,  about  400  diameters,  an  appearance  very  similar  to  that  of  aagenlte  to 
:ed  eye.      .      .      .      This   thin   section   Is   decldedfy   yeUow   by   tranamltted   11)»t 
and  bT  reflected  light  Is  blue, 
view  of  the  color  of  some  vsrletles  of  Htanle  oxide  when  seen  by  reflected  lifht. 


oxide  when  seen  by  reflected  lifht. 

«P*.aiB    |j,,yuavic   hMni   inv  ^^4 uBi    4vun:Liuu   ut    iiKLit   by   the   Surfacea    of   these  vl^ro- 
;  crystals  occasions  the  color  Id  question,  or  tbe  latter  may  be  In  a   measure  do* 
to  the  Interferance  of  light  occaaloned  by  tbese  cryatala." 

Tbe  author  refers  to  the  belt  as  one  of  sranQlltic  rocks,  and  states  that  frequently 
masses  of  rutlle  are  shown  on  tbe  surface  wblcb  have  weathered  out  on  decompodUan. 

Snelunq,  W.  0.    Titanium  Ores. 

Mineral  Reaource*  of  the  UDlt«d  States,  U.  S.  Oeol.  Sarrer,  1001,  pp.  2TI-ST8; 
for  Virginia,  see  pp,  277-27B. 

The  author  refers  to  the  occurrence  of  rutlle  In  Virginia  and  quotes  at  lengtb  from 
a  paper  read  by  Dr.  Oeorge  P.  Merrill  before  the  Qeol^csl  Society  ot  Waabbiftca  la 
describing  the  geological  features  of  the  Virginia  rutlle  deposits.  Be  mentlona  the  gnallCT 
ot  the  rutlle  as  being  excellent  and  very  pure,  and  the  supply  as  practically  nmlklted 
Tbs  production  commenced  In  1900,  and  to  tbe  close  ot  1901  tbe  output  waa  abont  40,000 
pounds 
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Thornton,  Wm.  M.,  Jr.  A  Feldspar  Aggregate  Occurring  in  Nelson 
County,  Virginia. 

AratT.  Jour.  8ci.,  1911,  vol.  uxi,  pp.  216-220. 

OlTca  an  tnaljsU  Mcb  of  Delwmlte  and  teldapatblc  dclei  at  sjenlte  collected  by 
WiCaon  aod  Tkber  and  analTied  toe  tbla  report. 

Watbon,  Thouab  L.     Occurrence  of  Butile  in  Virginia. 
Eoonomie  Geology,  1907,  vol.  ii,  pp.  4S3-604. 

The  author  dlffereotlatea  and  deacilbes  Ibe  lithologlc  and  petrograpble  Crpea  of  rockl. 
ucept  DelHonlte,  Id  tbe  NelBoa  Conntr  rutile  area.  Only  the  pegmatite  occarrenie  of  tbe 
rntlle  waa  described,  wblcb   lacladea  botb   megaacoplc  and  mlcrascoplc  deacrlptloa.  accom- 

rJed  b;  map  and  lour  Dgureii  of  mkraphotograpbs  of  tbin  lectlanB.      He  aaya :    "Batlle, 
gralna  ol   rerlable  else  and  Id  crrBtala  of  remarkable   purit;.  Tariei   In   the  rock  from 
~~-t  dliaemlnatlonB  up  to  DO  per  cent  and  more  of  the  lolal  rack  maia.  with  a  probable 

..    >^    —    >.    ._    J.. ._.._!    -jirongh    each    of    tbe    three    rock-forming 

D  mode  of  occurrence  and  teitaral  rela- 
aa  ihova  botb  bf  megaacoplc  and  mlero- 
irf  conBtlluent.  The  onlj  metallic  ano- 
quartuiie  parta  of  the  rock  tban   Id   tbe 

Watson,  Thouas  L.  Ilmenite;  Menaccanite  or  Titanic  Iron.  Rutile. 
Nelsonite  (Phosphate  Rock). 

Mineral  Reaourcea  of  Tirginia,  1907,  pp.  232-236,  Ilmenite  and  rutile;  pp.  300- 
302,  neisoiiite  (phosphate  rocK). 

Describes  the  dlHtrlbutlon.  occurrence,  and  uaea  of  rDtlle  near  Roaeland.  Nelson  County. 


■Terage    of    10    per   cent. 

imlnated 

nIaenUi,  feldapar,  qoarti. 

and 

hornblende. 

Fr. 

tlMU  of  Che  rutile  to  the  i 

mlDei 

all, 

•topic  atudy,   tbe  rntlle  la 

bell( 

■v™  Co* 

be  a  : 

prii 

dace  li  Ilmenite.  which  Is 

feldipatblc  faciei,  but  !■  i 

lever 

preBen 

[  Id   Ii 

krg( 

and  Che  mllllDg  proceaa  for  coDcenCratIng  the  ore  (pp.  232-234)  ;  and  tbe  granular 
mixture  of  llmenlle  and  apatite  (pp.  232,  300-302)  occorrlng  Id  tbe  lame  area  In  Nelaon 
County  and  In  BoaDoke  County,  for  wblcb  be  proposed  tbe  name  "Delaonlte."     Illutrated. 

Watbon,  Thomas  L.     Annual  Report  on  the  Mineral  Production  of 
Virginia  During  the  Calendar  Year  1908, 


A  later  but  brief  description  of  tbe  apatite.  llmeDlte.  and  rutile  deposit*  occurring 
In  Nelson  and  Roanoke  counties,  Virginia,  Tbo  types  of  tbe  rutile  Id  Nelson  County  were 
dlitlngolshed.  In  the  first  type,  deslgnsted  pegmatite  cutlte,  tbe  rntlte  occurs  chiefly  aa 
dInemlnaCed  Kralns  of  variable  sUe  In  a  rock  of  very  coarse-  to  medlmn-gralned  crystalU- 
ladon  of  feldspars  and  blue  quarti  with.  In  places,  much  bornblende.  In  the  second 
type,  designated  pelsonlte  rutile.  tbe  rutile  occurs  In  an  even-grauuisr  rock,  htving  dike- 
like characters,  composed  normally  of  ilmenite  and  apatite,  with  or  without  rntlle. 

Watson,  Thomas  L.  Biennial  Report  on  the  Mineral  Production  of 
Virginia  During  the  Calendar  Years  1909  and  1910. 

Va.  Geol.  Survey,  Ball.  No.  VI,  IBll,  pp.  112-113   (phoaphate),  113-116  (nitfle). 

Briefly  describes  tbe  apatite.  Ilmenite.  and  rutlte  deposits  In  AmheraC  and  NebwD 
connttea,  Roanoke  County,  and  Goochland  and  Hanover  counties.  The  rutile  production 
is  given. 

Watson,  Thomas  L.,  and  Tabeb,  Stephen.  The  Virginia  Rutile 
Deposits. 

CoDtributione  to  Economic  Qeologj,  Bull.  No.  480,  U.  8.  Qeol.  Surrey,  1910, 
pp.  200-213  and  two  flgurea   (mapa). 

The  writers  discuss  the  VlrglDla  rutile  area  under  the  principal  beadlna.  Location. 
Topopspby,  Oeoeral  Geology,  Principal  Bock  OroDps,  Chemical  Composltloo  of  tbe  Bocki, 
Tbt  Rntlle  Ore,  His- —  -«.,_.__  ^ — , .   ....  ., .  —...iflir: 
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GEOLOGY   OF   THE    TITANIDM    AND   APATITK    DEPOSITS. 
;kB  [n  the  rutlle  area  are  Igneous  In  orlgli 


<r  the  prominence  of  apaUt 


e,  and   la   a   fen   plseea   tltanllerouB   mafinetlte:    t>j  a 

blue   opalescent   quartz:    and   b;   pyroxene    (cbleB;   bypentbene)    or   aecondarr 

..  ^._,_.i  . -Lj  pyroxene  an  the  dominant  ferromagnealan  mineraL     Named 

._  Ir  different  la  t  Ion.  [be  principal  rock  tniea  of  tbe  area  mapped 

are  \ii  uivutiuui  (luio  Igneoua  gnelsB.  Including  schlatB ;  12)  pegmatite;  (S)  gatibro; 
(41  nelBonlte ;  and  (5)  diabase.  In  piacea  llie  rocks  of  typei  2.  3.  and  4  appear  to  be 
approximately  conlemporaneouB.  The  lltholoKlc  and  petrographic  characters  of  each  type 
are  described,  and  a  chemical  analyila  of  each  one  given.  Gabbro,  DelBonUe,  and  dlabaa* 
are  dlacagged  bb  dike  rocka.  The  two  dlatlnct  types  of  rutlle.  pepnatlte  and  □elwnlte 
rutlie.  which  occar  in  the  district  are  described  in  some  detan.  The  history  of  tbe 
mlnlue  dcTelopment  of  the  district  Is  staled,  and  the  uses  of  titanium  are  dlscuwed  at 
same  length.     These  uses  are  classified  as  follous  : 

Metallic  alloTB.   such  as   terro -titanium,  cupro-tllanluni.  etc. 

Incandescent    media    for    llgbtlng    purposes.    Including    gas    mantles,    arc-lamp 

elecU'udes.  and  filaments  for  locandesceDt  electric  lamps. 
Mordaals  and  dyes  for  leather  and  textiles. 
Refractory  coloring  material  (or  use  In  ceramics  and  tbe  maoutacture  of  artlfldal 


Watson,  Thomas  L.,  and  Tabee,  Stephen.  Nelsonite  a  Xew  Rock 
Tv|)e:   Its  Occurrence,  Association,  and  Composition. 

Abstract.  Hull.  Gi-)i.  Scic.  Anier,,  1910,  vol,  xxi.  p.  7S7. 

Watson,  Thomas  L,,  and  Tabbh,  Stephen.  Igneous  Complex  of 
Higli  Titanium-Phosphorus-Bearing  Itocks  of  Amherat-Xelson  Counties, 
Virginia. 

Abstract,  Bull.  Geol.  Soc.  Amer.,  1913.  vol.  xxiv. 

Watson,  Thomas  L.,  and  Tabeh,  Stephen,  Magmatic  Names  Pro- 
posed in  the  Quantitative  Svatem  of  Classification  for  Some  New  Rock 
Types  in  Virginia. 

Lniversity  of  Virginia  Publications,  Bull.  Phil,  Soc.,  Soi.  Ser.,  IBIS,  vol.  i, 
No.  14,  pp,  331-333, 

Cliemlcal  analyseB.  norma,  and  symbols  of  four  new  rock  types  are  reported,  and 
appropriate  magmailc  names  suggested  by   the  writers. 

GENEBAL  QEOLOOY  AND  FETROQILAPHY.    ' 

aSFEKAL  STATEHEITF. 

The  rocks  in  the  Amherst -Nelson  counties  rutile  district  are  igneous  in 
origin,  and  are  intensely  but  unequally  roetamorplioaed.  The  different 
rock-types  e:ihibit  a  marked  relationship  to  one  another  in  mineral  as  well 
as  in  chemical  composition.  By  their  mode  of  occurrence  as  well  as  by 
their  consanguinity  the  rocks  indicate  that  they  had  a  common  origin. 
They  form  a  distinct  comagmatic  area  characterized  by  the  unusnal  promi- 
nence of  apatite  and  the  titanium  minerals — ilmenite,  ruile,  and  in  a  few 
places  titaniferous  magnetite;  by  a  peculiar  blue  opalescent  quartz;  by 
pyroxene    (chiefly   hypersthene)    or  secondary   hornblende   derived   from 
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pyroxene  as  the  dominant  ferromagnesian  mineral;  and  in  most  of  the 
feldspar-bearing  types  by  both  potash  and  Boda-lime  specieB,  the  dominant 
variety  of  feldspar  being  a  soda-lime  plagioclase  corresponding  in  composi- 
tion to  andesine,  which  frequently  contains  intergrown  spindles  of  ortho- 
clase  (microcline) — andesine  antiperthite. 

Biotite,  an  important  constituent  in  the  surrounding  gneisses  and 
schists,  is  practically  absent  from  the  rocks  within  the  rutile-bearing  area. 
It  occurs,  however,  as  a  minor  constituent  in  some  of  the  rocks  and  is  gen- 
erally present  in  the  nelsonites,  but  its  relations  in  some  cases  are  such  as 
to  suggest  probable  secondary  origin. 

The  rocks  are  holocrystalline  in  character  and  for  the  most  part  are 
even -granular,  ranging  from  very  coarse-grained  in  portions  of  the  syenite 
to  very  fine-grained  in  some  of  the  nelsonite  and  diabase  dikes.  They  show 
pronounced  though  unequal  effects  of  dynamic  metamorphism,  both  in  hand 
specimens  and  in  thin  sections  under  the  microscope.  Megascopically  the 
most  pronounced  effect  of  metamorphism  visible  in  most  of  the  rocks  is 
the  development  of  complete  or  partial  schistose  structure,  frequently  ac- 
companied by  granulation  of  certain  minerals,  and  by  bent  and  curved 
cleavage  lamellte. 

MicroBCopieally,  metamorphism  is  manifested  chiefly  in  mashing— gran- 
ulation, fractures,  and  optical  disturbance  of  certain  essential  minerals — 
and  sometimes  in  recrystallization.  Other  changes  of  a  different  order  and 
kind  involve  the  production  of  secondary  minerals  from  the  essential  ones, 
chief  among  which  is  the  formation  of  hornblende  from  pyroxene,  leucoxene 
from  the  titanium  minerals,  rutile  and  ilmenite,  osteolite  from  apatite,  and 
sericite  as  a  common  alteration  product  from  feldspar.  In  some  of  the 
rocks  biotite,  chlorite,  epidote,  and  zoisite  are  noted  as  alteration  products. 

PKHrCITAJ,  BOCK  QSOUPS. 

The  rocks  of  the  mapped  region  are  divisible  into  five  distinct  groups, 
but  intermediate  gradations  are  found  between  most  of  them.  In  general 
the  dominant  minerals  in  one  type  make  up  the  minor  accessory  minerals 
in  the  others,  but  between  some  of  the  rock-types  almost  every  gradation 
in  mineral  composition  may  be  observed.  Named  in  the  order  of  their 
probable  differentiation,  including  the  surrounding  rocks,  the  principal 
rock-types  of  the  area  mapped  are  as  follows : 

(1)  Biotite-qnartz  monzonite-gueiss,  and  variant  schists. 

(2)  Syenite  formerly  referred  to  as  pegmatite. 

(3)  Gabbro. 

(4)  Nelsonite. 

(5)  Diabase. 
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In  pieces  the  rocks  of  types  Z,  3,  and  4  appear  to  be  approzimatelj 
contemporaneous.  Gabbro  may  be  observed  grading  into  syenite,  and  in 
places  a  gradation  from  the  gneiss  through  gabbro  into  syenite  is  indicated ; 
some  of  the  rntile  nelsonitea  have  the  appearance  of  segregations  in  the 
syenite  rather  than  later  diSerentiates  that  have  been  intruded;  and  while 
a  gradation  of  gabbro  into  nelsonite  in  the  same  rock-mass  was  not  found, 
nearly  all  intermediate  gradations  in  mineral  composition  between  the  two 
rock-types  occar  in  the  district. 

ABEAI,  ItJSTKIBirTIOV. 

The  gneiss  with  its  accompanying  schists  forms  the  inclosing  or  country 
rock  of  the  region,  and  is  of  wide  general  distribution  beyond  the  limits 
of  the  rutile  area  throughout  the  Blue  Ridge  region  of  central  western 
Virginia. 

The  syenite  is  chiefly  confined  to  a  single  large  mass,  extending  in  a 
northeast-southwest  direction  for  a  distance  of  about  16  miles,  with  Rose- 
land  near  its  center.  The  maximum  width  of  the  syenite  mass  does  not 
exceed  2.5  miles.  At  the  northern  end  of  this  area  the  syenite  appears  to 
split  up  and  dikes  or  apophyses  are  found  extending  outward  for  some 
distance  into  the  country  gneiss.  The  boundaries  of  the  syenite  area  are 
shown  on  the  topographic  map,  fig.  3,  page  45,  and  in  greater  detail  on 
the  geological  map  of  the  district  (PI.  I).  Small  pegmatite  and  aplite 
dikes  are  of  numerous  occurrence  in  the  vicinity  of  Lovingston,  and  a  few 
were  observed  near  the  headwaters  of  Davis  Creek  about  5  miles  northwest 
of  Lovingston. 

Exposures  of  the  gabbro  are  found  for  the  most  part  only  within  the 
boundaries  of  the  large  syenite  area,  but  a  few  gabbro  dikes  were  observed 
near  Lovingston,  Within  the  syenite  area  the  gabbro  is  mostly  limited  to 
the  outer  portions  and  in  places  it  apparently  occurs  as  an  intermediate 
gradation  between  the  syenite  and  gneiss.  There  are,  liowever,  other 
occurrences  where  gabbro  in  dikelike  masses  cuts  the  older  syenite  witli 
sharp  contacts.  Because  of  the  extensive  residual  rock  decay  which  covere 
the  rocks  of  the  region  to  a  variable  depth,  mapping  of  the  gabbro  with  any 
degree  of  accuracy  was  found  to  be  diflEcult  if  not  impossible;  hence, 
differentiation  between  the  gabbro  and  the  syenite  was  not  attempted  in 
preparing  the  geological  map  (PI.  I). 

Nelsonite,  including  several  varieties  based  on  diflFerences  in  mineral 
composition,  is  the  most  abundant  type  of  dike-rock  occurring  in  the 
district.     The  rn tile-bearing  variety  of  nelsonite  is  confined  to  the  syenite 
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area,  but  the  ilmeuite  nelsonite  free  from  rutile,  while  more  ntimeroas 
vithin  the  sjenite  area,  is  also  found  in  the  gneiss  near  the  contact,  and 
occnrs  in  the  section  around  Lovingston  and  on  Davis  Creek.  Nelsonite 
in  which  magnetite  is  a  prominent  constituent  is  found  at  several  places 
in  the  surrounding  gneiss,  but  does  not  occur  in  the  syenite  mass.  All 
known  outcrops  of  nelsonite  are  given  on  the  geological  map  of  the  district 
(PI.  I). 

Gabbro-nelsonite,  including  a  group  of  rocks  intermediate  in  mineral 
composition  between  gabbro  and  nelsonite,  is  found  both  in  the  Lovingston 
district  and  in  the  syenite  area  of  the  Roseland  district.  In  the  latter 
district  they  are  found  only  within  the  syenite,  usually  in  border  positions. 

The  diabase  dikes  are  the  youngest  rocks  in  the  region.  They  cut  all 
other  formations,  but  are  confined  chiefly  to  the  rutile-bearing  rocks  found 
within  the  large  syenite  area.  They  occur  but  are  observed  less  frequently 
in  the  outside  gneiss. 

The  five  principal  rock  groups  included  within  the  area  mapped  are 
separately  described  in  detail  in  the  following  pages  in  the  order  enumer- 
ated above. 

Biotite-Quftrtz  Uonzonite'Oneiss. 

DISTRIBUTION    AND    LITHOLOGIC    CHAR&CTEBS. 

Distribution. — The  outside  or  country  rock  of  the  rutile-ilmenite-apatite 
area  is  a  pronounced  foliated,  quartz-biotite  gneiss,  which  shows  in  many 
places  a  considerable  development  of  schists  of  variant  composition.  Gneiss 
is  the  dominant  tj'pe  in  this  complex  of  metamorphic  rockg  and  has  wide 
general  distribution  beyond  the  limits  of  the  area  mapped  throughout  the 
Blue  Ridge  region  of  central  western  Virginia,  Its  distribution  within  the 
area  mapped  is  shown  on  map,  PI,  I. 

lAthologic  characters. — The  gneiss  has  s  pronounced  banded  or  schistose 
structure  and  exhibits  considerable  textural  and  mineralogical  variations, 
but  the  prevailing  kind  is  a  medium  to  dark  gray  rock  varying  from  a  fine- 
to  medium-coarse,  even-granular  to  porphyritic  texture,  the  rock  having  in 
the  latter  ease  a  distinct  augen-gneiss  appearance.  The  planes  of  schis- 
tosity  vary  from  moderately  irregular  foliation  in  the  original  porphyritic 
facies  of  the  rock,  where  the  biotite  is  wrapped  about  the  lenticular  eyes 
of  feldspar,  to  banding  that  is  more  or  less  regular  and  continuous,  and 
ranging  from  very  thin  to  relatively  thick  layers.  The  strike  of  schistosity 
of  the  gneiss  in  the  Lovingston  district  is  quite  uniform,  varying  rarely 
more  than  a  few  degrees  from  N.  40°  E.     In  the  Roseland  district  good 
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expoBures  of  the  gneiss  are  less  frequent,  but  where  measured  the  strike 
conforms  in  general  with  that  of  the  Loviugston  district. 

The  original  porphyritic  texture  which  characterized  certain  parts  of 
the  gneiss  is  still  readily  recognized,  and  the  feldspar  phenocryata  plainly 
show  the  effects  of  pressure  metamorphism.  In  places  the  feldspar  ciystals 
are  drawn  out  and  inclosed  between  the  biotite  layers  forming  distinct 
"augen"  of  the  light-colored  minerals,  and  may  contain  inclosures  of  the 
ground-mass  quartz  and  biotite.  The  field  and  microscopic  evidence  clearly 
indicate  that  the  schistose  structure  of  the  gneiss  is  secondary,  induced  by 
dynamo-regional  metamorphism,  and  not  a  primary  or  original  structure 
as  has  been  recently  advocated  for  some  gneisses  elsewhere. 

The  gneiss  Is  derived  from  an  original  igneous  rock  as  is  indicated  by 
the  field,  microscopic,  and  chemical  evidence.  The  principal  minerals 
recognizable  with  the  Daked  eye  are  feldspar,  quartz,  and  biotite.  Ilmenite 
and  muscovite,  and  rarely  hornblende,  are  also  apparent  in  some  specimens. 
The  former  (ilmenite)  is  frequently  concentrated  in  the  sands  derived  from 
the  decay  of  the  gneiss.  Some  of  the  black  grains  composing  the  sand  are 
magnetic  and  are  probably  magnetite.  Biotit«  is  frequently  altered  to 
chlorite,  and  in  the  vicinity  of  the  gneiss-syenite  contact  much  of  the 
quartz  in  the  gneiss  is  pale  blue  in  color,  resembling  that  of  the  syenite. 
Epidote  has  been  observed  in  one  or  two  instances  forming  a  thin  veinlet 
of  less  than  1  mm.  in  thickness.  Occasional  masses  of  amphibolite  schist 
are  observed  in  tiie  gneiss.  Such  an  occurrence  is  noted  about  half  a  mile 
north  of  Jonesboro,  where  amphibolite  schist  is  exposed  within  the  gneiss, 
but  not  far  from  its  contact  with  the  syenite. 

Segregations  (schlieren),  chiefiy  basic  and  usually  composed  largely 
of  biotite,  occur  here  and  there  in  the  gneiss.  They  are  roughly  oval  is 
outline  to  those  that  are  greatly  elongated  (lens-shaped),  and  are  usually 
of  small  though  variable  size.  Several  lenticular  masses  included  in  the 
gneiss  are  exposed  by  blasting  for  the  county  road  three-quarters  of  a  mile 
north  of  Lovingston.  Some  of  these  resemble  diabase  while  others  seem  to 
be  composed  almost  entirely  of  feldspar. 

Dikes  of  acid  (granite  and  pegmatite)  and  basic  (diabase)  rocks  ui- 
trude  the  gneiss  in  places.  Granite  and  pegmatite  dikes  are  especially 
noted  Id  the  Lovingston  district  and  are  described  in  some  detail  on  pages 
200-;S01.  Diabase  dikes  are  confined  chiefly  to  the  rutile-bearing  rocks,  but 
are  observed  here  and  tiiere  beyond  these  limits  penetrating  the  surround- 
ing gneiss  on  the  southeast  side  of  the  Roseland  district.  These  are  found 
in  place  near  the  contact  at  BoEe's  Mill  (analysis  lY,  page  158)  and  alone 
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the  road  leading  to  Amherst  Conrthouae.  About  2  miles  northwest  of 
Lovingston  diabase  float  occura,  but  the  rock  has  not  been  observed  in  place. 
Veins  of  white  quartz  intersecting  the  gneiaa  are  nmnerous  aloDg  the 
northwest  border  of  the  syenite.  Some  of  these  are  quite  large,  ranging 
Qp  to  75  feet  and  more  in  crosa-section,  and  may  be  traced  in  the  direction 
of  strike  for  considerable  distances.  These  veins  rarely  occur  in  the  gneiss 
on  the  southeast  side  of  the  area,  and  thc^  become  much  less  frequent  some 
distance  from  the  contact  on  the  northwest  side. 

HICBOBCOPIO   CHABAOTBS. 

The  exact  mineralogical  composition  of  the  rock  detailed  in  this' 
description  is  the  dominant  or  prevailing  type  of  the  outside  biotite-quartz 
moDzonite-gneiss.  It  is  not  possible  to  describe  in  detail  the  exact  mineral- 
ogical  composition  of  the  various  schists  found  here  and  there  within  the 
gneiss,  for  the  reason  that  specimens  sufficiently  fresh  to  yield  trustworthy 
results  could  not  be  obtained  for  the  preparation  of  thin  sections.  The 
important  textural  and  mineralogical  variations  are  noted  in  the  description 
above. 

In  thin  sections  the  rock  is  a  biotite-quartz  monzonite-gneiss  of  granitic 
texture,  varying  from  fine-  to  medium-coarse,  even-granular  to  porphyritic, 
sometimes  exhibiting  a  banded  or  foliated  structure.  The  minerals  are 
potash  feldspar  (orthoclase  and  mierocline),  soda-lime  feldspar  (albite- 
oligoclase  and  oligoclase),  quartz,  and  biotite,  together  with  accessory 
ilmenite,  apatite,  rutile,  zircon,  and  occasional  titanite  and  pyrite,  and 
secondary  chlorite,  colorless  mica  (muscovite),  epidote,  kaolin,  zoisite,  cal- 
cite,  and  leucoxene.  Thin  sections  of  the  weathered  rock  show  considerable 
free  iron  oxide  as  a  yellowish -brown  stain. 

An  important  feature  in  the  mineral  composition  of  this  rock,  as  in  the 
granites  and  granite-gneisses  of  the  Southern  Appalachians"  in  general,  is 
its  large  content  of  plagioclase  feldspar,  which  frequently  equals  in  amount 
the  potash  feldspar  (orthoclase  and  mierocline),  but  the  ratio  varies  for 
individual  thin  sections  examined.  Extinction  angles  measured  against 
the  twinning  strite  usually  indicate  a  plagioclase  near  oligoclase.  This  is 
confirmed  by  both  the  analyses  below  and  the  albite-anorthite  ratio  cal- 
culated from  the  two  norms  of  the  quartz  monzonite-gneiss  on  page  65. 
In  each  case  the  norm  shows  a  plagioclase  corresponding  approximately  to 
Ab,An,  in  composition,  a  calcic  oligoclase. 


aWataon,  Tbomu  L.,  Boll.  No.  4Sa,  U.  S.  Geol.  Survey,  IBIO,  282  pagea.  Bull. 
Ritlosophieal  Society,  Univenitv  of  Virginia  Publicfttions,  1910,  Scientific  Series, 
vol.  i.  No.  1,  pp.  1-40. 


3d  by  Google 


63  OEOLOGT   OF   THE   TITANIITM   AND   APATITE   DEPOSITS. 

Some  thin  sections  show  a  part  of  the  plagioclase  to  be  albite,  probably 
through  loes  of  calcium,  as  in  each  case  the  soda  feldspar  is  more  or  less 
altered,  partly  to  lime-bearing  minerals  as  secondary  products.  Not  in- 
frequently the  plagioclase  lamellse  are  bent  and  curved  and  often  broken 
across  from  pressure  effects.  Microcline  is  variable  in  amount;  in  some 
thin  sections  it  is  the  dominant  feldspar,  in  others  it  fails  entirely. 

A  thin  section  cut  from  a  hand  specimen  (32)"  of  the  gneiss,  about  one 
mile  N.  65°  E.  from  Roaeland,  showed  microcline  with  intergrown  spindles 
of  oligoclaee  to  be  the  dominant  feldspar.  Also  there  occur  a  few  crystal; 
of  plagioclase  which  are  much  altered  but  seem  to  be  albite,  probably  from 
loss  of  calcium. 

Intergrowths  of  microcline  and  orthoclase  with  plagioclase  feldspar,  as 
microperthite,  are  abundant,  and  of  feldspar  with  quartz,  as  micropegmattte, 
eometimes  occur.  The  larger  feldspar  individuals  are  usually  micro- 
poikilitic  in  texture,  chiefly  from  inclosures  of  quartz  and  other  teldspais. 
In  addition  to  these  the  feldspars  contain  microscopic  inclusions  of  other 
minerals,  which  are  so  abundant  in  some  cases  as  to  greatly  cloud  the 
feldspar  substance.  The  exact  nature  of  the  inclusions  was  indeterminate; 
they  include  dustlike  particles  and  larger  colorless  and  transparent  ctyatal- 
lites  of  prismatic  and  tabular  habits  to  those  of  irregular  outline,  and  are 
arranged  in  some  thin  sections  along  definite  parallel  lines.  In  those  thin 
sections  of  less  freeh  rock  the  feldspar  substance  is  almost  entirely  obscured 
from  alteration  products,  chiefly  colorless  mica,  kaolin,  and  epidote. 

Quartz  is  the  next  moat  abundant  mineral  to  feldspar  and  is  chiefly 
colorless,  but  the  pale  blue  variety  is  observed  in  some  thin  sections.  It 
shows  the  effects  of  pressure  metamorphism  in  granulation,  fractures,  and 
wavy  extinction,  and  occasionally  shows  inclusions  of  rutile  needles  and  of 
liquid  and  dustlike  particles. 

Biotite,  the  third  essential  constituent,  is  deep  brown  and  strongly 
pleochroic,  varies  both  in  size  of  shred  and  in  amount,  and  is  partly  altered 
to  chlorite.  It  is  distributed  through  the  rock  in  long  and  stout  shreds 
and  aggregates  with  frequent  orientation  shown  along  roughly  paralld 
directions  (schistosity).  Some  blue-green  hornblende  is  associated  with 
the  biotite  in  two  of  the  thin  sections  (Nos.  33  and  196). 

Apatite  occurs  as  inclusions  in  the  light-colored  minerals,  chiefly 
feldspar,  and  in  several  thin  sections  (Nos.  35,  36,  and  S18),  as  separate 
individual  giains.  Likewise  rutile  is  noted  as  included  needles  in  some 
of  the  quartz  and  sometimes  as  larger  individual,  reddish-brown  graina 
(Nos.  23  and  36).  A  single  thin  section  (No.  83)  showed  some  fractured 
garnet  and  irregular  areas  of  black  graphite. 

3  Sle  at  th«  office  of  tbe 
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Fiji.  2. — ^Itiotite-quarU  monzotiite-gni-iss, 
County,  showing  maahing  from  (ivnt 
30  <iiameter9.     Specimen  Xo.   73, 
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Specimens  23,  35,  36,  and  218  are  from  points  near  the  gneiss-syenite 
contact 

The  effects  of  dynamic  regional  metamorphism  are  manifested  in  the 
foliated  or  schistose  structure  from  the  orientation  of  biotite  and  the 
granQlation  of  the  quartz  and  feldspar,  in  strain  shadows  and  lines  of 
fraetare  in  the  quartz  and  feldspar,  and  in  many  of  the  thin  sections  in 
the  bent  and  often  broken  lamellte  of  a  part  of  the  plagioclase.  In  some 
thin  sections  the  larger  feldspar  grains  are  much  fractured  and  the  lines 
are  filled  with  quartz  and  mica.  Photomicrographs  of  the  quartz  moo- 
zonite-gneiss  are  shown  in  PI.  VI. 

Individual  descriptions  of  the  gneiss  from  different  localities  in  the 
region  are  given  on  pages  84-90  and  198-199. 

CHBllICAL   COUPOeiTIOK   AND   CLASSIFICATION, 

The  chemical  composition  of  the  quartz-biotite  monzonite-gueiss  is 
shown  in  the  two  analyses  given  below,  made  on  specimens  collected  from 
near  Colleen  and  Lovingston,  Nelson  Connty,  Virginia,  The  localities 
from  which  the  specimens  were  collected,  yielding  the  results  on  analysis 
shown  in  columns  I  and  II,  are  on  the  southeast  side  of  the  rutile-bearing 
rocks  and  are  separated  by  a  distance  of  about  5.5  miles.  Considering  the 
variable  character  of  the  gneiss  and  the  distance  between  the  localities 
from  which  the  specimens  were  collected,  fairly  close  agreement  is  shown 
in  the  two  analyses. 


Analyses  of  biotite-qvartz  monxonite-gneiss  frot 
(Wu.  M.  Thobnton,  Jb.,  ^n. 
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I.    QuKFtz-biotite  inonzoDite-gnein,    ArringtoD-RoBeland    ro&d,    1    mile   north    of 

CoIImu. 
n.    Qoarti-biotite  monzonite-gneiu,  county  road,  0.7S  mile  Dorth  of  Lovingiton. 
ni.    Average  of  I  and  11. 
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A  microscopic  description  of  thin  sections  of  the  two  rocks  yielding  the 
analyses  above  follows: 

I  (Spec.  S13).  In  hand  specimens  the  rock  has  a  pronounced  foliated 
structure,  with  feldspar  "augen"  (eyes)  ranging  up  to  2  cm.  in  diameter. 
The  principal  minerals  are  feldspar  (plagioclase  near  oligoclase,  micro- 
cline,  and  orthoclaae),  quartz,  and  biotite,  and  the  minor  accessory  con- 
stituents are  apatite,  rutile,  and  titanite.  The  secondary  minerals  include 
much  colorless  mica,  chlorite,  epidote,  and  lencoxene.  Microcline  and 
orthoclase  are  present  in  approximately  equal  amount,  and  combined  they 
do  not  exceed  plagioclase  in  quantity.  They  are  developed  in  irregular 
tabular  masses  considerably  altered  to  fine  shreds  of  colorless  mica; 
plagioclase  shows  characteristic  albite  twinning,  the  lamellte  of  which  are 
frequently  bent  and  broken.  Quartz  forms  distinct  areas  of  fine-grained 
mosaics  filling  spaces  between  the  feldspars,  is  fractured,  shows  whvj 
extinction,  and  contains  inclusions  of  apatite,  rutile,  etc.  Biotite  shows 
its  usual  characters  and  is  partly  alt€red  to  chlorite.  The  effects  of  dynamic 
metamorphism  are  manifested  in  granulation  of  the  feldspar  and  quartz, 
and  in  bent  and  broken  lamellse  of  plagioclase  (oligoclase). 

II  (Spec.  182).  Megascopically  the  rock  is  a  typical  coarse-grained, 
foliated,  biotite  gneiss  exhibiting  feldspar  "augen"  (eyes)  S  to  3  cm.  in 
diameter.  A  thin  section  of  the  rock  shows  essentially  the  same  mineral 
composition  and  relations  as  that  described  above  (Spec.  313).  The  min- 
erals are  feldspar  (orthoclase  partly  intergrown  with  plagioclase,  micro- 
cline, and  plagioclase  near  oligoclase),  quartz  containing  inclusions  of 
rutile  needles  and  apatite,  brown  pleochroic  biotite  partly  altered  to 
chlorite,  and  occasional  grains  of  apatite  and  zircon.  The  secondary  min- 
erals include  colorless  mica,  chlorite,  epidote,  and  leucoxene.  The  usual 
evidence  of  dynamic  metamorphism  is  strongly  shown  in  the  thin  section. 

It  is  not  possible  to  calculate  from  the  analyses  above  the  exact  pro- 
portion of  the  ferromagnesian  constituent  in  the  quartz  monzonite-gneiss, 
because  of  the  fact  that  its  composition  is  not  definitely  known.  The  norms," 
calculated  from  analyses  I  and  II,  are  given  in  the  subjoined  table,  and 
in  each  case  they  approximate  closely  to  the  actual  mineral  compositioo 
(mode)  of  the  rocks. 

aNorm  iB  deflned  as  the  standard  mineral  composition  of  a  roek;  i.  e.,  the 
ehemlcal  compoBJtion  expreesed  tn  terms  of  standard  mineral!.  "A  Quaotitatii* 
ClassiBcation  of  Igneoue  Bocks,"  by  Ctobb,  Iddings,  Pirason,  and  Waahingtoo,  Uni- 
versity of  Chicago  Press,  1903. 
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DIOTITE-QUABIZ  IfOKZOXITE-ONElSS. 
•ms  corresponding  to  analyses  on  page  GS. 


Quartz  20.00  24.42 

Ortboclase  I  19.46  27.80 

Albite 29.87  22.01 

Anorthfte  15.29  13.C2 

Conmdnm   0.92  0.51 

Hypcrsthene   G.60  5.84 

Magnetite    3.02  2.55 

Dmenite    2.58  1.52 

Apatite   1.24  0.62 

water  0.82  0.86 


The  position  of  the  rock  in  the  quantitative  system  of  classification  is 
shown  by  the  following  symbols: 

No.  Symbol.  Name. 

I.  II.  4.  2*.  2f.  Adamellose. 

n.  I'.  4.  2-.  3.  Toscanose. 

I  is  a  sodipotassic  dacaee  with  the  subrang  name  adamellose,  and  II  is  a 
sodipotassic  toscanase  with  the  subrang  name  toscanose. 

The  analyses  indicate  a  rock  of  quartz  monzonite  character,  which  is 
beet  illustrated  in  the  annexed  table  of  feldspar  composition,  calculated 
from  the  two  analyses  above  in  the  nsnal  way. 

Table  of  feldspar  composition  corresponding  to  analyses  on  page  63. 


Ortboclase  !  19.46  27.80 

Alblte 29.87  I  22.01 

Anorthite    '  15.29  I  13.62 

Total  ptagloclase  44.16  i  35.63 

Total  feldspar  64.62  63.43 

WAUrn   ratio   2:1  2:1 

Or.-plag.  ratio  '  1:2+  '  1:1+ 

Attention  is  directed  in  the  analyses  on  page  63  to  the  more  >haa 
appreciable  percentages  of  TiO,  and  Pfi^  each  of  the  two  constituents 
being  above  the  usual  average  for  rocks  of  this  type,  as  shown  in  the  com- 
parison below  with  analyses  of  granites  and  granite-gneisses  in  general. 


sdbyGoOgle 


6C  OEOLOGY    OF   THE   TITANIDU    AND   APATITE    DEPOSITS. 

Of  the  le^jntries  of  granites  and  granite-gneisses  in  Washington's" 
list  of  superior  anaiyscB,  nineteen,  or  11  per  cent,  contain  0.50  per  cent 
and  more  of  TiO, ;  seven,  or  2.4  per  cent,  contain  0.75  per  cent  of  TtO, ; 
and  only  two  contain  TiOj  exceeding  the  minimum  (Lovingston  quartz 
monzonite-gneiss)  percentage  in  the  \elBon  County  rock  (0.83  per  cent). 
Only  one  (1.57  per  cent)  exceeds  the  maximum  {1,3.3  ptr  cent)  and  the 
average  (1.08  per  cent)  percentages  of  TiO,. 

Likewise  the  same  entries  (167)  show  that  ten,  or  6  per  cent,  contain 
0.25  per  cent  and  more  of  P,Ot;  seven,  or  4  per  cent,  contain  more  tiian 
0.30  per  cent  of  P,0,;  and  three,  or  less  than  2  per  cent,  contain  more 
PjOg  than  is  shown  in  the  average  (0.42  per  cent)  of  the  two  analyses  of 
quartz  monzonite-gneiss  from  Nelson  County. 

Eight  complete  analyses'"  of  the  commercial  grades  of  granites  and 
gneisses  in  eastern  Piedmont  Virginia  show  the  range  in  TiOj  to  be  0.20 
to  0.50  per  cent,  with  an  average  of  0.38  per  cent,  an  amount  nearly  two 
and  a  half  times  lower  than  the  minimum  percentage  of  TiO,  in  the  Nelson 
County  quartz  monzonite-gneiss  (0.83  per  cent),  and  the  maximum  of  eight 
analyses  (0.50  per  cent)  is  much  below  the  minimum  of  the  two  analyses  of 
the  Xelson  County  rock.  The  eight  analyses  show  the  range  in  P,Oj  to  be 
0.02  to  0.40  per  cent,  with  an  average  of  0.27  per  cent,  which  is  less  than 
the  minimum  (0,39  per  cent)  of  the  two  Nelson  County  rocks,  and  nry 
much  less  than  the  average  of  these  (0.42  per  cent).  However,  four  of  the 
eight  analyses  show  more  PjOj  than  the  Lovingston  rock  (0.29  per  cent), 
but  only  one  of  the  eight  shows  more  P,Oj  than  the  average  of  the  to'o 
analyses  of  gneiss  from  Nelson  County, 

QCARTZ   VEIH8. 

Quartz  veins  of  large  and  small  dimensions  are  numerous  in  places 
within  the  area  mapped.  Veins  of  white  quartz,  usually  free  from  other 
minerals,  especially  sulphides,  are  rather  abundant  in  the  outside  inieiss 
along  the  northwest  border  of  the  syenite.  Some  of  these  are  quite  large. 
ranging  up  to  75  feet  end  more  in  thickness,  and  may  be  traced  over  the 
surface  for  considerable  distances,  usually  in  a  northeast-southwest 
direction,  partly  by  the  disintegrated  outcrops  and  the  loose  fragments 
which  litter  the  surface.  Very  little  white  quartz  is  found  within  the 
ayenite  area  hut  outside  of  its  limits,  especially  on  the  northwest  side.  ihE 
loose  fragments  on  the  surface  are  very  plentiful. 

aWflshington.  H.  S     Professional  Paper  No.  U.  U.  S.  Geol.  Survey.  IWM. 
fiWatson,  Thom«*  L..  Bulletin  I-A.  V«,  Geol.  Survey.  1909,  p.  81. 
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Some  of  the  veins  contain  quartz  crystals  which  weather  out  and  may 
be  picked  np  on  the  surface.  In  several  places  the  quartz  crystals  are 
violet  in  color,  and  on  the  farm  of  J.  S.  Saunders,  3.35  miles  west  of 
Claypool,  many  beautiful  amethysts  of  gem  grade  have  been  obtained. 
About  half  an  acre  has  been  worked  over  by  trenching  to  a  depth  of  from 
4  to  6  feet.  The  amethyst  is  found  in  residual  red  clay  cut  by  small 
broken  veins  or  stringers  of  white  qnartz  striking  in  various  directions. 
Occasionally  pieces  of  feldspar  more  or  less  kaolinized  are  also  found. 
The  amethyst  occurs  in  small  pockets  of  variable  size  usually  closely  asso- 
ciated with  the  quartz  stringers,  hence  it  is  generally  customary  in  mining 
to  follow  the  veiulets  or  stringers.  Amethyst  picked  up  on  the  surface, 
which  has  been  exposed  to  sunlight  for  some  time,  is  usually  faded 
and  of  no  value.  The  product  from  this  mine  is  controlled  at  present  by 
the  American  Pearl  and  Gem  Company. 

Many  amethyst  erj-stals  have  been  picked  up  on  the  surface  of  the 
Stratton  farm  a  mile  southeast  of  Massie's  Mill,  and  at  a  point  about  half 
a  mile  northeast  of  Fancy  Hill,  hut  at  neither  place  has  any  prospecting 
been  done. 

Several  quartz  veins  of  small  dimensions  composed  of  bine  opalescent 
quartz,  which  closely  resembles  in  color  the  same  constituent  in  the  syenite, 
occur  within  the  syenite  area.  It  is  probable  that  most  of  the  blue  quartz 
fragments  found  in  large  quantities  at  several  places  within  the  area  is 
derived  from  veins,  but  because  of  the  depth  of  rock  decay  they  are  not 
exposed. 

About  half  a  mile  southwest  of  Bryant,  a  vein  of  blue  quartz,  contain- 
ing a  little  pyrit«  and  a  second  mineral  too  badly  altered  to  be  identified, 
crosses  the  road  entering  the  farm  of  M.  C.  Massie.  The  vein  is  about 
3  feet  wide  and  trends  S.  60"  E.  A  similar  vein  of  sky-hlae  quartz  1.5 
feet  wide  is  esposed  on  the  north  side  of  the  county  road  one  mile  north- 
east of  Bryant.  Neither  graphite  nor  sulphides  were  identified  in  the 
quartz  of  this  vein.  On  the  slope  of  Mars  Mountain  half  a  mile  south  of 
Bryant  there  is  much  blue  quartz  float  which  probably  has  been  derived 
from  a  similar  vein.  It  is  a  sky-blue  opalescent  quartz  containing 
numerous  disseminated  flakes  of  graphite  2  to  3  mm.  in  diameter. 

Under  the  microscope  a  thin  section  of  the  blue  quartz  showed  inclu- 
sions of  mtile,  graphite,  and  minute  dustlike  particles,  the  exact  nature 
of  which  could  not  be  determined.  The  mtile  inclusions  consist  of  hairliko 
or  needle  forms  and  chains  of  perfect  crystals  of  brown  color  with  the 
longer  axes  usually  oriented  in  the  direction  of  the  chain.     Some  crystaU 
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of  nitile  have  the  longer  axis  normal  to  this  direction.  The  graphite  is 
inclosed  in  the  quartz  as  small,  irregular  areas  composed  of  fine-granular 
material,  and  in  such  relation  to  the  host  as  to  indicate  contemporaneoos 
crystallization.  Visible  pressure  effects  are  manifested  in  the  quartz  in 
partial  granulation  and  optical  disturbance. 

Syenite." 

QENBRAL  BTATEUENT. 

This  rock  has  been  previously  called  pegmatite  in  former  publications 
OD  the  Amherst- Nelson  counties  area,  but  more  detailed  field  and  laboratorv 
study  of  the  rock  mass  as  a  whole  suggests  that  it  is  probably  not  a  normal 
pegmatite,  but  an  intermediate  type  between  a  soda  syenite  and  a  lesa 
calcic  anorthosite,  with  modifications  in  places  along  border  positions. 
The  principal  reasons  for  this  change  may  be  briefly  summarized  as  follows: 

The  textural  relations  of  the  feldspar  and  quartz  to  each  other  and 
of  the  hornblende  when  present  are,  over  many  parts  of  the  rock  mass, 
similar  to  those  of  a  coarse  pegmatite.  The  ratio  of  the  essential  minerals 
is  subject  to  much  variation  as  indicated  in  the  description,  but  the  changes 
from  one  Mud  to  another  are  not  so  abrupt  as  to  iqipose  a  marked  hetero- 
geneous texture  through  the  entire  rock  mass.  Many  of  the  larger  areas 
of  aaorthosite  composed  in  general  of  little  else  than  basic  plagioclase 
(labradorite)  exhibit  very  coarse  textures  and  show  frequent  indications 
of  gradation  into  gabbros. 

With  the  exception  of  the  titanium  minerals,  rutile  and  ilmenite,  and 
occasionally  of  the  phosphate,  apatite,  none  of  the  numerous  accessory  and 
exceptional  minerals  occur,  such  as  result  frequently  in  the  production  of 
comb  and  ribbon  or  banded  structures  in  true  pegmatites;  nor  have 
miarolitic  cavities  been  observed  at  any  point.  The  absence  of  special 
minerals  from  this  rock  does  not  in  itself  constitute  a  valid  argument 
against  its  being  a  pegmatite,  since  such  minerals  are  by  no  means  preseit 
in  all  pegmatites,  especially  in  those  of  gabbros,  as  it  is  held  by  man; 
geologists  that  the  latter  do  not  as  a  rule  carry  special  minerals.' 


oCbemicBl  and  mlcroacopleol  studiM  of  the  eentrkl  and  Urger  portion  of  tUi 
rock  maaa,  composed  chiefly  of  feldBpar,  indicate  an  int«miediste  rock  type  in  ctiir 
octer,  with  affinitiea  which  probably  more  closely  ally  It  to  anorthoaite  thui  to 
nenlte.  (See  analvsee  on  page  76,  which  are  oharaeteriEed  by  high  CaO  ud 
Na/),  but  by  a  goodly  amount  of  K,0  also,  giving  much  nomatlye  orthoclase,  16.68 
to  23.36  per  cent.)  Tbe  rock  is  dewiribed  in  this  bulletin  under  the  old  claesifldstjoo 
name  tyenite,  but  since  tbe  principal  feldipar  ii  a  esldc-soda  variety  (andMliw) 
with  intergrown  orthoclase  (microcline],  the  name  andeHn«-attortho»tU  would  d«Sii> 
it  more  exactly. 

BHarker,  A.,  Hie  Natural  Hlrtoir  of  Igneons  Bodn,  1910,  p.  299. 
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No  muform  decrease  in  granularity  toward  the  walls  is  observed  in 
the  rock  mass,  although  in  many  places  around  the  border  the  contact  is 
not  entirely  sharp,  but  is  marked  by  gradual  passage  or  merging  of  the 
rock  into  the  bordering  gabbro  without  demarkation,  so  that  frequently  a 
specimen  taken  from  this  position  is  difBcult,  indeed  at  times  impossible, 
of  classification,  whether  belonging  to  one  or  the  other  of  the  two  types. 
Unfortunately  the  contacts  over  most  of  the  area  are  obscured  by  the 
residual  decay  of  the  rocks,  so  that  definite  conclusions  based  on  study 
of  exposures  are  entirely  limited  to  a  few  occurrences.  Probably  the  best 
exposure  is  found  on  the  property  of  the  American  Rutile  Company  extend- 
ing southeastward  from  the  mill  near  Roseland  along  the  east  side  of 
Tye  River.  Gradation  of  the  syenite  on  the  southeast  side  into  gneissic 
aralitic  gabbro  is  indicated,  but  towards  the  west  from  the  gradation  zone 
the  homblendic  or  border  fades  of  the  rock  mass  shows  very  coarse 
granularity. 

No  evidence  has  been  observed  either  in  the  field  or  in  the  microscopic 
study  of  thin  sections  indicating  graphic  intergrowths,  so  common  a 
texture  of  pegmatites,  and  which  represent  simultaneous  crystallization. 
While  the  rock  is  not  one  of  granitic  composition  except  very  locally, 
yet  enough  quartz  occurs  to  have  produced  feldspar-quartz  intergrowths, 
had  simultaneous  crystallization  of  these  two  minerals  resulted.  On  the 
other  hand,  intergrowths  of  the  feldspars  in  the  rock  is  the  rule,  and  this 
texture  is  observed  both  in  hand  specimens  and  in  thin  rock  sections.  In 
the  syenite  pegmatites  of  Norway,  Brogger"  has  shown  that  perthitic  inter- 
growths of  the  different  feldspars  are  a  characteristic  feature. 

The  nelsonite  bodies  of  irregular,  dikelike  form  described  on  pages 
100-155  of  this  report  are  found  principally  in  the  syenite  of  the  Eoseland 
district,  but  occur  also  in  a  few  places  in  the  outside  gneiss,  and  entirely 
in  the  gneiss  in  the  Lovingston  district.  They  are  thought  to  be  basic 
segregations  (pages  151-155)  somewhat  similar  in  mode  of  origin  to  the 
well-known  segregations  of  titaniferous  magnetite  in  gabbros.  They  repre- 
sent the  latest  differentiations  from  the  magma  which  gave  rise  upon  cooling 
to  syenite  and  other  igneous  rock  types  in  the  area. 

The  genetic  relations  existing  between  the  syenite,  the  nelsonites,  and 
some  occurrences  of  gabbro  must  be  regarded  as  conclusive  evidence  against 
a  pegmatitic  origin  for  the  rock  called  syenite.  Pegmatites  ordinarily 
represent  residual  differentiates  from  igneous  magmas,  but  in  this  area  the 
nelsonites  and  some  of  the  gabbros  were  of  later  solidification  than  the 
syenite. 


■Brogger,  W.  C,  SjenitpegmKtitgange,  1890,  p. 
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DI8TBIB0TI0M. 

Syenite  is  the  most  extensive  of  the  rock  types  in  the  immediate  rutile 
district.  The  large  mass  lying  along  the  northwest  side  of  the  area  mapped 
includes  approximately  SO  square  miles  of  surface.  It  occupies  a  narrow 
lowland  belt  that  has  a  general  northeast-southwest  direction  approxi- 
mately 13  miles  in  length  and  not  exceeding  2.5  miles  in  greatest  widt!^. 
(See  map,  PI.  I.) 

MEOASCOPIC  CHAHACTEU. 

The  rock  is  usually  coarsely  crystalline  in  texture  and  is  frc<|uently 
gneissic  in  structure.  In  places,  especially  along  the  southeast  border  at 
the  American  Rutile  Cotppany's  quarries,  the  rock  displays  an  abnormal 
coarseness  in  texture,  in  which  masses  of  hornblende,  quartz,  and  feldspar 
measure  several  inches  across.  The  rock  is  composed  essentially  of  feldspar 
and  blue  quartz  with,  in  places  near  the  border  position,  secondary  horn- 
blende derived  from  pyroxene  (chiefly  hypersthene),  rulilc,  and  lesser 
amounts  of  ilmenitc  and  apatite.  The  ratio  of  these  minerals  varies  greatly 
in  different  parts  of  the  rock  mass  and  this  gives  rise  to  two  varietal  forms. 
Feldspar  is  the  dominant  mineral  except  in  portions  of  the  border  zone. 

Two  facies  of  the  rock  mass  are  recognized;  (a)  Feldspathic,  which 
includes  the  central  and  vastly  the  largest  part  of  the  rock  mass,  and 
(b)  homblendic,  which  is  developed  chiefly  as  a  border  zone.  The  two 
facies  are  not  separated  by  a  line  of  sharp  demarkation  but  apparently 
grade  into  eacli  other.  Feldspar  of  the  same  species  in  the  two  varietal 
forms  of  the  rock  is  a  less  abundant  constituent  in  (he  border  or  hom- 
blendic zone,  while  hornblende  and  blue  quartz  are  conspicuous  minerals. 
With  but  few  exceptions  rutile,  and  in  smaller  quantity  ilmenite,  are  more 
abundant  toward  the  border  portion  of  the  rock  mass,  especially  along  the 
southeast  side.  This  occurrence  of  the  titanium  minerals  is  strikingly 
shown  in  the  quarries  of  the  American  Rutile  Company  along  the  east  side 
of  Tye  River  a  short  distance  S,  10°  E.  of  Roseland.  Here  their  occurrence 
is  noted  in  both  facies  of  the  rock  with  rutile  most  abundant  in  the  border 
portion  of  the  feldspathic  mass  and  ilmenite  apparently  showing  greater 
predilection  for  the  liornblendic  zone. 

In  general,  the  central  portion  of  the  rock  mass  consists  almost  ex- 
clusively of  feldspar,  with  only  scattered  grains  of  quartz,  and  scarcely 
any  rutile  or  other  visible  accessory  minerals.  The  feldspar  is  usually 
white,  occasionally  grayish  or  pinkish,  and  frequently  shows  fine  multiple 
twinning  on   cleavage   surfaces.     Not   infrequently   the    larger   cleavable 
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individuals  show  curved  and  bent  lamella  and  granulation  from  pressure 
metsmorphism. 

Deep  blue  opalescent  quartz  ranks  second  in  importance  as  an  essential 
constituent;  it  is  always,  though  often  sparingly,  present,  and  in  limited 
localities  may  become  the  dominant  mineral.  It  varies  from  grains  of 
almost  microscopic  dimensions  to  masses  many  inches  across.  Merrill" 
states  that  at  one  of  the  openings  worked  by  the  American  Rutile  Com- 
pany, in  1902,  quartz  was  the  dominant  mineral,  and  masses  weighing 
several  tons  were  procured.  Like  the  feldspar  tlie  quartz  sometimes  shows 
granulation,  and  in  plaees  it  is  mashed  and  drawn  out  into  lenses  or  thin 
plates,  oftentimes  imparting  more  or  less  of  a  gneissic  structure  to  tlie  rock. 

Hornblende,  derived  from  pyroxene  (chiefly  hyperstheoe),  is  a  promi- 
nent constituent  near  the  border  portions  of  the  rock  mass;  and  it  or  the 
original  mineral  (pyroxene)  from  which  it  is  derived  occurs  in  variable, 
usually  minute,  quantity  throughout  the  area,  but  in  much  of  the  central 
portion  it  is  virtually  absent.  It  is  dark  green  and  frequently  fibrous  with 
silky  lustre.  At  the  American  Rutile  Company's  quarries  it  occurs  in 
large  cleavable  masses,  admixed  with  blue  quartz  and  feldspar,  containing 
disseminated  grains  of  iimenite  and  rutile,  and  not  infrequently  inclosing 
variant  size  grains  of  blue  quartz.  The  polished  surface  of  a  specimen 
(PI.  VII)  taken  from  the  General  Electric  Company's  mine  plainly  shows 
rims  of  hornblende  surrounding  cores  or  eyes  of  tlie  original  mineral 
pyroxene.  (See  also  fig.  15.)  Titanium  minerals  are  only  sparingly 
present  in  the  rock  at  this  locality. 

Itutile.  the  fourth  mineral  in  relative  abundance,  associated  with  some 
iimenite  and  in  places  with  apatite,  varies  in  amount  from  practically 
nothing  up  to  probably  10  per  cent  in  limited  areas.  It  usually  occurs  in 
grains  of  varying  size,  red  to  reddish-brown  in  color,  and  of  adamantine 
lustre.  In  distribution  the  rutile  is  confined  largely  to  the  border  portions 
of  the  rock  mass,  being  fonnd  in  largest  quantity  in  the  southeast  half, 
but  there  are  a  few  small  areas  near  the  central  portion  that  carry  a  high 
percentage  of  the  mineral.  In  the  northwest  half  of  the  rock  mass 
mtile  occurs  in  scattered  grains  that  appear  to  be  slightly  more  numerous 
near  the  border  portion.  The  general  character  and  mode  of  occurrence 
of  the  rutile  are  described  in  detail  on  pages  193-196  and  336-329. 

Iimenite,  in  black  grains  of  varying  size,  is  in  general  much  less 
abundant   than  rutile  as  a  constituent  of  the  syenite.     It  coincides  in 
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distribution  with  that  of  rutile,  but  it  is  more  noticeable  in  the  hornblendic 
portions  of  the  rock  mass.  Megascopically  the  mineral  presents  no  unusual 
features.  Apatite  is  essentially  absent  as  a  megascopic  constituent  of  the 
rock  except  where  rutile  or  ilmenite  occur  in  large  masses,  when  it  is 
localized  in  considerable  quantity  in  places. 

At  several  places  in  the  vicinity  of  the  mine  formerly  worked  by  the 
General  Electric  Company  graphite  is  a  prominent  constituent,  but  else- 
where it  was  not  identified  in  the  syenite,  though  this  may  be  due  to  the 
lack  of  fresh  exposures.  The  sulphides,  pyrite  and  pyrrhotite,  were  noticed 
at  several  points  and  are  probably  generally  present  in  small  quantity. 
Sericite  is  of  common  occurrence  in  small  quantity  as  a  secondary  mineral. 

The  syenite  frequently  shows  complete  or  imperfect  foliation,  especially 
in  the  bornblende-rich  portions,  as  in  the  southeast  quarries  of  the  American 
Rutile  Company,  and  to  a  less  extent  where  rutile  has  been  concentrated. 
In  places  the  rock  ha*  been  crushed  to  a  schist  and  the  rutile  mashed  into 
wavy  lines  of  fragments. 

MICBOSCOPIC  CHAHACTEB. 

Microscopic  study  was  made  of  a  very  large  number  of  thin  sections 
of  both  facies  of  the  rock  collected  from  all  parts  of  the  area.  It  was 
found  that  these  were  representative  of  the  two  facies  of  the  same  rock, 
showing  only  such  variations  as  result  from  the  relative  abundance  of  the 
individual  minerals  and  from  structure.  The  minerals  noted  in  the  hand 
specimens  also  appear  in  the  thin  sections,  and  in  addition  a  few  minor 
accessories  and  a  longer  list  of  secondary  constituents.  The  thin  sections 
show  the  following  minerals:  Feldspar  which  appears  in  several  species, 
pyroxene  (hypersthene)  and  more  abundantly  its  alteration  product  horn- 
blende (uralite),  blue  quartz,  rutile,  ilmenite,  and  minor  accessory  apatite, 
zircon  ( ?),  pyrite,  graphite,  and  biotite,  together  with  secondary  muscovite, 
epidote,  zoisite,  kaolin,  calcite,  leucoxene,  garnet,  chlorite,  and  biotite. 
It  is  unnecessary  to  state  that  these  are  not  all  found  in  the  same  thin 
section,  and  some  of  them  are  only  occasionally  noted.  The  texture  is 
coarsely  granitic,  and  pressure  effects  are  usually  pronounced. 

Feldspar  is  the  most  abundant  constituent,  except  in  portions  of  the 
hornblendic  facies  of  the  rock,  constituting  more  than  80  per  cent  of  the 
feldspathic  facies  of  the  rock  mass.  It  appears  in  several  species,  plagioclase 
ranging  from  andesine  (dominant)  to  slbite,  microcline,  and  orthoclase. 
The  dominant  feldspar  is  andesine  developed  in  anhedral  forms  which 
usually  show  abundant  twin  lamellie  after  the  albite  law  and  to  a  less  extent 
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Kifi;.  1. — FrlilKputhic  tnnv*  of  syenite  from  Gmeral  Klectrie  Company'*  mine, 
showing  felitHpni'  interffrou'tEiM  (micropvrthite).  The  prineJpal  FeldsjMir  i» 
itiiilpsine  with  iiiter^i^iwu  sjiintlles  of  orthoclii^ie  (inkmeline).  XimlH  crossed. 
Kiilargeil  30  iliBmeters.    Specimen  No.  142. 


Fig.  2. — Onlibro    from    M'.   A.    (.'iini 
intergrowths     I  micro  pert  hit? ) 
diameters.     Specimen  No.  03. 
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after  the  pericline  iaw.  Most  of  the  individuals  show  spindle-shaped  inter* 
growths  of  microcline  {PI.  VIII,  iig.  1)  which  are  often  oriented  parallel  to 
the  twin  lameltffi  after  both  lawa.  The  average  composition  of  the 
plagioclase  determined  by  measurements  on  the  rhombic  section,  and  deter- 
mination of  the  index  of  refraction,  corresponds  to  an  andesine  of  about 
Ab„An,,.  The  intergrown  microcline  often  shows  the  characteristic 
grating  structure.  It  appears  probable  that  the  more  sodic  species  (albite) 
present  was  originally  of  about  the  composition  of  andesine,  but  in  the 
process  of  alteration  the  lime  has  been  removed  and  deposited  as  the 
Becondary  products  zoi9it«  and  epidote,  leaving  a  plagioclase  rich  in  soda. 
Besides  their  occurrence  as  spindle-shaped  intergrowths  with  plagioclase, 
microcline  and  orthoclase  are  noted  as  separate,  irregular  grains  having 
their  usual  characters.  The  feldspar  is  more  or  less  clouded  with  minute 
grains  and  aggregates  of  colorless  mica  (muscovite),  epidote,  zoisite,  and 
sometimes  calcite.  In  some  thin  sections  alteration  is  in  an  advanced 
stage  and  the  feldspar  substance  is  largely  obscured  by  the  alteration 
products  (PI,  VIII,  figs.  3  and  4) .  The  feldspar  usually  contains  inclusions 
of  apatite  and  quartz,  lees  often  rutile  and  graphite,  and  exhibits  distinct 
evidence  of  metamorphiam  in  granulation,  optical  disturbance,  curved,  bent 
and  broken  lamelbe  of  plagioclase,  and  recrystallization. 

Quartz  of  pronounced  blue  color  occurs  in  allotriomorphic  areas  in 
greatly  varying  quantity.  It  may  be  entirely  absent  from  some  thin 
sections  of  the  feldspathic  facies  of  the  rock  though  usually  present  as  a 
subordinate  constituent,  and  always  a  principal  mineral  of  the  homblendic 
facies.  It  is  always  characterized  by  great  abundance  of  hairlike  inclusions 
of  rutile,  and  usually  shows  the  result  of  pressure  effects  in  optical 
liisturbance,  granulation,  and  fractures  or  cracks.  Inclusions  of  graphite 
are  noted  in  some  thin  sections. 

Amphibole  (uralite),  having  the  composition  of  actinolite,  fibrous,  and 
of  blue-green  color,  is  a  principal  constituent  of  the  border  zone  of  the 
syenite,  but  is  essentially  absent  from  the  feldspathic  facies  of  the  rock, 
forming  the  central  and  larger  portion  of  the  massif.  The  usual  cleavage 
of  amphibole  (uralite)  is  developed  and  the  fibres  generally  show  a 
tendency  to  orientation,  but  occasionally  are  bent  and  broken  from  pressure 
effects.  It  is  sometimes  studded  with  minute  grains  of  black  oxide  of 
iron  and  at  times  contains  hairlike  inclusions  of  probable  rutile,  which  are 
frequently  oriented  parallel  to  the  fibres,  but  may  also  cut  across  the 
fibres.  Uany  fragments  show  parallel  extinction,  but  as  a  rule  an  average 
extinction  angle  measured  on  cleavage  flakes  is  about  17°.     The  indices 
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of  refraction  measured  by  the  immersion  method  are:  «:  =  1.620±  0.003, 
y  =  1,649±  0.003,  y  —  o:  =  0,029.  The  average  of  seven  measurements 
of  the  birefriDgence  gave  y  —  0  ^  0.0123  with  values  ranging  from  0.0115 
to  0.0128,  =0.0126,  y—  =  =0.0310;  axial  angle  measured  on  pieces 
cut  nearly  normal  to  the  acute  bisectrix  gave  an  average  value  of  81°. 
The  mineral  is  optically  negative  ( — ),  the  optical  orientation  being  tlint 
of  actinolite.  Both  the  chemical  antl  microscopical  studies  of  the  nmphibolc 
conclusively  prove  that  it  is  secondary  and  lias  been  derived  from  original 
pyroxene  (hypersthene).  (See  pages  219-222  for  a  detailed  description  ami 
discussion  of  the  uralite.)  Idiomorphic  compact  hornblende  Ims  not  Ixwii 
observed. 

Analyses  of  uralite  and  hyerslhene  of  the  syenite.  Nelson  Cnuulij. 
(Wm.  M.  Tiiob\to.\-.  Jr..  Analyiit.) 

■       1        ■■ 

SiO 52.44  !  51.31 

A1,0,   3.51  None 

FcOi   1-46  5.31 

FeO  j  17, U  ,  10.12 

.MftO    I  lfi.73  I  17.93 

CitO    2.98  I  10.95 

Na.O    0,26  ,  0,22 

K-0    1.24  !  0.29 

H-0— 0.18  0.O4 

H=0-|- 1.96  I  1.2C 

TiO,    0,94  I  3.00 

MnO    0.52  0.11 

P,0.     i  0.05  I  None 

CO=  I  None  '  Trace 

S    '■  Trace  !  None 


1,    H^perstheoe  separated  from  Bfenfte  at  Qeneral  Electrle  Company's  mine  1.S 
miles  northwest  of  Rose's  Mill. 
II.    Amphibole  (uralite)  separated  from  hombleadie  faeiea  ot  STenite  at  AmerieaD 
Rutile  Company's  quarries  near  Roseland, 

Pyroxene  (hypersthene)  is  the  principal  original  ferromagneaian  silicate 
mineral  in  the  syenite,  but  in  most  localities  it  has  been  altered  by  tbe 
process  of  uralitization  to  hornblende,  and  it  is  difficult  to  obtain  fieab 
pieces.  It  is  developed  in  large,  irregular  grains  without  crystal  boundaries, 
and  almost  invariably  shows  alteration  rims  of  fibrous  green  hornblende. 
The  mineral  frequently  displays  brown-colored  inclusions  as  plates,  rods, 
and  grains,  which  often  show  definite  orientation.     Pleochroism  is  subject 
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yiu-   1.— Rutii<--lH'ariii(j   syenite.    Am-  Fiji.  2. — Qiiiirtii-ru tile- bearing      syenite,      0.5 

irii-an    Kutilp    Company'^    i|uarries  mile  wmlliwi^l  of  Kcne  L'nion.     Li^ht  jsray 

at    Kosclnnil.   xliuwinj;    rutile    (the  iirvu  iii  iip|)er  part  iif  figure  is  blue  igitiirtx 

Iwo  ilark  grains  in   upper  part  of  fimtnininp    inctuajuns    of    rutile     nwHllM; 

lt);ure  ami  the  maun  in  lower  half)  iHrfK  black  area  ii  rutile:    reinnininK  li)[ht 

rimmed   by   the  alteration   product  gray  art>a)i  nltere<l  feldspar.   Xiciils  tTo«-«J. 

leiieoxene.  Note  the  Bame  altera-  Kniarywl  .il>  diiinieter«.  SiMfimen  No.  110. 
lion  proiluct  filling  frHeture  chmh- 
intt  nitile  maen  in  lower  half  of 
figure.  NieolM  croHsed.  Enlnr^ 
M  diameters.  Specimen  Xo.  42-W. 
Sve  hIho   I'I.   XVT. 
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to  some  variatiOQ,  but  is  always  Doticeable :  x  =  pale  pink,  y  =  pale 
jellowish-green,  z  =  pale  green.  Measured  by  the  immersioD  method 
Ihe  indices  of  refraction  are:  a  =  l.696±  0.003,  ,6  =  1.710±  0.003, 
y  =  1.713±  0.003,  Measurements  of  the  birefringence  with  the  Babinet 
rompensator  gave  an  average  value  of  y —  oc  ^0.018,  y  —  ^  =  0.0036. 
The  average  value  of  the  axial  angle  measured  with  the  Federof  stage  is 
ZV  =  53°.  (See  pages  217-219  for  further  description.)  A  chemical 
analysis  of  the  pyroxene  is  given  above  in  column  1.  Brown,  pleochroic 
hiotite,  partly  altered  to  chlorite,  is  sparingly  developed,  and  in  part  at 
least  is  probably  secondary. 

Rutile  and  ilmenite,  sometimes  intimately  associatyd,  are  important 
conetitueDts  of  the  rock  in  places,  mtile  being  most  abundant  in  the 
feldspatfaic  facies,  and  ilmenite  in  the  homblendic  border  zone  of  tlie 
syenite.  These  are  developed  in  formless  grains  of  variable  size  and  iiio 
apt  to  show  partial  or  complete  alteration  rims  of  leuco.xene  {Pis.  IX  and 
XVI).  They  show  their  usual  characters  and  are  described  in  detail  includ- 
ing chemical  analyses  on  pages  193-196  and  223-229,  Rutile  as  microscopic 
hairlike  inclusions  is  abundantly  developed  in  the  quartz  (PI.  IX,  figs.  3 
and  3).  Apatite  as  separate  individuals  with  rounded  and  elongated  eross- 
fections  and  as  prismatic  inclusions  in  the  other  minerals,  especially  feld- 
•par,  is  sometimes  noted.  The  remaining  accessories,  pyrite,  graphite,  and 
zircon  (?),  are  very  subordinate  in  amount  and  do  not  merit  separate 
descriptions. 

Besides  uralitic  hornblende,  the  common  secondary  minerals  include 
muscovite,  epidote,  zoisite,  leucoxene,  some  kaolin  and  caleite,  and  in 
several  thin  sections  garnet.  Except  garnet  these  are  usually  developed  as 
aggregates  of  minute  scales  and  granules  forming  clouded  areas  in  the 
feldspar. 

Pressure  effects  are  invariably  shown  in  the  thin  sections,  chiefly  in 
bent  and  fractured  folire  of  plagioclase,  and  to  some  extent  the  uralite 
fibres,  mashing  and  granulation,  optical  disturbance  of  quartz  and  feldspar, 
formation  of  secondary  minerals,  especially  muscovite,  resulting  frequently 
in  the  development  of  foliation  (PI.  X,  figs.  1  and  2). 

OHBUICAL  COMPOSITION. 

The  range  in  chemical  composition  of  the  two  fades  of  the  syenite 

(homblendic  and  feldspatfaic)  is  shown  in  the  analyses  of  the  subjoined 

table.     The  analyses  representing  the  two  facies  of  the  rock  show  some 

differences,  due  to  variation  in  the  proportions  of  the  principal  minerals — 
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feldspar,  qnartz,  and  hornblende.  Silica  varies  rathei  widely  for  the  hom- 
blendic  fades,  bnt  ia  quite  uniform  for  the  feldspathic  facies  of  the  rock. 
Titania  shows  great  variation  in  both  facies  of  the  rock,  ranging  from  O.SS 
per  cent  in  analysis  VII  to  13.64  per  cent  in  analysis  III.  Iron  oxides  (FeO 
and  FCiOs)  and  magnesia  are  much  higher  and  the  alumitia  and  alkalies 
{Na,0  and  K,0)  are  lower  for  the  hornblendic  than  for  the  feldspathic 
facies.  Lime,  while  subject  to  some  variation,  is  more  uniform  for  the 
two  rock-facies. 

Analyses  of  syenite.  Nelson  County,  Virginia. 


oProfeasor  F.  P.  DunnJngton,  analyst. 

I.     Hornblende  facies  of  e;enite,   100-foot  level,  General  Electric  Co.'b  mine.  l.S 

miles  northwest  of  Boee'a  Mill. 
II.     Eonieblends  fades  of  sjenite,  American  Rutile  Co. 'a  quarries.  Roseland. 

III.  Hornblende  facies  of  sfenitc.  American  Rutile  Co.'b  quarries,  Roseland. 

IV.  Feldspathie    (gra;)    faefea  of  ayeuite,    100-foot  level,  General   Electric  Co.'i 

mine,  l.S  miles  northwest  of  Rose's  Mill. 
V.     Feldspathic  faelea  of  Bjenite,  American  Rutile  Co.'s  quarries,  Roseland. 
TI.     Peldapathie  facies  of  eyenite,  American  Rutile  Co.'s  quarries,  Roseland. 
VII.     Feldspathic  (pinkish)   facies  of  syenite,  100-foot  level.  General  Electric  Co.'s 
mine,  1.5  miles  northwest  of  Rose's  Mill. 
VIII.     Average  bulk  sample   of  syenite,   including  hornblende  and   feldspar   faciee, 
American  Rutile  Co.'s  quarries,  Roseland. 
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Attention  is  directed  in  the  analyses  to  the  high  percentages  of  lime 
and  soda;  in  general  the  two  vary  directly  with  each  other,  indicating  the 
source  of  lime  to  be  chiefiy  from  feldspar  of  the  soda-lime  series,  the  com- 
position of  which  is  discussed  below.  In  every  case  soda  exceeds  potash, 
Tanging  molecularly  from  two  to  foar  times  as  great,  showing  that  potash 
feldspar  in  the  rocks  is  quite  subordinate  in  amount  to  the  soda-lime 
species,  a  fact  confirmed  by  microscopic  study. 

Computing  the  mineral  composition  of  the  feldspars  from  the  per- 
centages of  potash,  soda,  and  lime"  given  in  the  table  of  analyses  above, 
by  allotting  the  potash  to  orthoclase,  and  the  soda  and  lime  to  albite  and 
anorthite  of  the  plagioclase  series,  the  analyses  correspond  to  the  following 
feldspar  composition: 

Feldspar  composition  of  syenite.  Nelson  County,  Virginia. 
(NumberH  correspond  to  table  of  analjaei  above.) 

I    I    I  II  :  ni     rv  I   V      VI    vn  j  viii 

Orthoclaflc  ....I  12.23     8.90   12.79  23.35  22.24  16.68  17.24:  15.57 

Albite    29.34  27.251  23.06  39.30  36.16  49.26  42.44;  44.02 

Anorthite  21.13  21.68'  16.96'  28.63  26.41  21.68  31.14,  20.57 

Total  plagioclase I  50.47'  48.93;  40.02  67.93  62.57  70.93  73.58|  64.69 

Total  feldspar '  G2.70  57.83,  52.81  91.28  84,81  87.61  90.621  80.16 

Ab.An,  ratio   ,  1.4:1,  1.3:1   1.4:1  1.4:1'  1.4:1  2.3:1  1.4:1  2:1 

Or.-plag.  ratio j  1:4    |  1:5    ,1:3  1:3    |  1:3    i  1:4  1:4    |  1:4 

Designating  the  albite  molecule  {NaAlSi»0,)  by  Ab,  and  the  anorthite 
molecule  {CaAl,Si,Og)  by  An,  the  soda-lime  species  correspond  closely  to 
the  following  molecular  ratios: 

I.  AbiAui  =AndeBlne. 

n.  AbiAni  =Andesine. 

m.  AbtAui  =Andesinc. 

rv.  AbiAni  =AndeBlne. 

V.  AbiAn.  =AndesIne. 

VI.  AbiiAnt  =  Andeslne. 

vn.  Ab,An,  =Aijde8lne. 

Vin.  Ab.An,  =Andestno. 

As  calculated  from  the  analyses,  it  will  be  observed  that  in  general 
the  composition  of  the  dominant  feldspar  present  in  the  two  rock-facies 
of  the  syenite  is  a  calcic-soda  species,  corresponding  to  andesine.  This 
is  confirmed  by  microscopic  study  of  thin  sections  of  the  rocks.  These 
calcnlations  show  the  proportions  of  orthoclase  (microcline)  to  plagioclase 
to  range  from  1 :3  to  1 :6. 
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A  further  Doteworthy  feature  developed  in  the  calouiations  (readily 
apparent  from  study  both  of  hand  specimens  and  thin  sections)  ie  the 
richcese  of  the  rocks  in  feldspar,  especially  the  feldspathic  facies.  In  this 
respect  this  facies  of  the  rock  is  closely  akin  to  the  group  of  anorthositea, 
but  the  difference  in  the  two  typea  is  at  once  apparent  in  the  dissiniilBrity 
of  the  feldspar  species  which  characterize  each.  The  total  feldspar  varies, 
however,  in  the  two  facies  of  the  syenite  within  wide  limits,  as  may  be 
observed  from  the  table,  being  lowest  of  course  in  the  hornblende  facies  of 
the  rock,  in  which  the  range  of  total  feldspar  is  about  that  of  the  so-called 
granites  (quartz  monzonitea  chiefly). 

CLASSIFICATION, 

The  norms  corresponding  to,  and  computed  from,  the  analyses  on  page 
76  are  given  in  tabular  form  below. 

Norma  of  syenite  corresponding  to  analyses  on  page  76. 


Minerals 

Hornblende  fades 

Feldspar  fades 

Average 
\.M.R.Co. 

I    1    n 

rri 

IV 

V  1  VI  1  vn 

vm 

1S.80I  16.S« 
12.23     8.90 
29.34!  27.25 

12.36 

12.79 

23.06 
16.96 

n'.ib 

11.40 
1.44 

23;35 
39.30 
28.63 
0.71 
0.60 
0.61 
0.48 

19.42     8.70     5.82| 
22.24   16.68;  17.24. 
36.16  49.25  42.44| 
26.41   21.68  31.14 
4.90     0.82     1.33] 
0.40     0.50     O.6O: 

1    0.61,    0.46 

!    0.48     0.32 

9.48 

Albitc   

44.02 

Corandum   

ypcrsthene  

mcnite    

ematfte   

0.76 
■3:62 

10.10 
0.11 
0.96 

.63 
.90 
.52 
0.48 

Titanltc    

I  37 

0.39 

7.44 
0.67 

Butlle    

1.94 

0.34;     0.67 

"o!h 

0.32,    3.36 

2.96 

Water    

99.14 
1.11 
0.05 

98.21 
1.6G 
0.26 

98.21 
1.4G 
0.09 

100.48 
0.40 

99.85100.09  99.69 
0.82     0.36 

98.80 
0.93 
0.02 

100.30 

100.16 

99.76 

100.88 

99.86100.91100.05! 

99.76 

The  positions  in  the  "Quantitative  System"  of  the  eight  rocks  corre- 
sponding to  the  norms  tabulated  above  may  be  expressed  as  follows: 

Summary  of  Qitantitative  Classification. 


No, 

Symbol 

Name 

Name  proposed 

I. 

'    'II.  4.  3.  4. 

Ton  a  lose. 

II. 

'     II.  4.  3.  4. 

in. 

ir.  4.  3.  '4. 

Ton  a  lose. 

IV. 

.  5.  3.  4. 

No  name— analyses  known. 

1       .  -5.  3.  '4. 

No  name— analyses  known. 

Piedmontoso. 

VI. 

.  5.  -3.  4. 

No  name— analyses  known. 

.  '5.  3.  4. 

Pledmontose. 

r.  '5.  2.  4. 

I,nurvikose.                          ( 

Ba^d  OD  mineral  composition  the  horoblende  facies  of  the  rock  mass 
corresponds  in  the  older  terminology  to  granodiorite.  As  discussed  else- 
where ID  this  report  hornblende  of  the  rock  is  shown  to  be  secondary  derived 
from  pjTOXene  (hypersthene),  and  the  original  rock  probably  corresponded 
more  closely  to  gabbro,  althougii  the  texture  is  vastly  coarser  than  that  of 
normal  diorite  and  gabbro.  This  textural  difEerence  is  accounted  for  on 
the  basis  that  the  minerals  crystallized  under  conditions  different  from 
those  in  a  normal  rock,  that  is  from  magma  supercharged  with  vapors. 

Each  of  the  three  analyses  (I,  II,  and  III)  of  the  hornblende  faciea  of 
ilie  rock  mass  corresponds,  in  the  quantitative  classification,  as  indicated 
in  the  summary  above,  to  the  subrang  name  tonalose.  The  norms  com- 
puted from  the  three  analyses  agree,  therefore,  in  placing  this  rock  into 
class  II  (dosalane),  order  4  (quardofelie),  rang  3  (alkalicalcic),  and 
subrang  4  (dosodic),  and  is  designated  tonalose.  The  principal  types  of 
plutonic  rocks  included  in  Washington's"  tables  under  tonalose  are  diorites 
and  granodio rites. 

The  feldspathic  faciea  of  the  rock  mass,  which  composes  vastly  the 
largest  part  of  the  massif  in  the  field,  and  represented  by  analyses  {IV, 
V,  VI,  and  ^T^I),  probably  corresponds  more  closely  in  the  older  classifi- 
cation to  syenite,  notwithstanding  the  fact  that  the  dominant  feldspar  is 
a  soda-lime  species.  Although  syenites  are  considered  to  contain  ortlioclase 
as  the  dominant  feldspar,  the  numerous  analyses  indicate  that  only  a  few 
are  dopotassic  rocks,  the  great  majority  being  either  sodipotassic  or  dosodic. 
Both  the  chemical  analyses  and  microscopic  study  of  thin  sections  of  the 
Nelson  County  rock  indicate  too  high  a  percentage  of  potash  feldspar  and 
Coo  sodic  plagioclase  (andesine),^  which  latter  is  the  dominant  feldspar 
present,  to  group  the  rock  as  anorthosite,  most  of  the  analyses  of  which 
correspond  to  docalcie,  persodic  rocks  (lahradorose),  and  a  few  to  percalcic 
(canadase).  Neither  could  the  rock  be  classed  as  monzonite  under 
Brogger's'^  definition,  the  type  of  which  in  the  "Quantitative  System"  is 
monzonose.  and  is  sodipotassic.  The  analyses  show  the  rock  to  be  char- 
acterized by  dominant  soda  over  potash  (dosodic),  and  the  proportion  of 
alkalies  and  lime  nearly  equal  (alkalicalcic).  The  position  of  the  rock 
then  in  the  older  classification  would  he  intermediate  between  the  alkali 


aWashington,  H,  S.,  Protesaional  Paper  No,  14,  U.  S.  Geol.  Survey,  1903,  pp. 
235-241. 

^The  name  anorthosite  is  now  applied  to  grained  rocks  compoied  almost  entirely 
of  line-soda  feldspar,  with  negligible  amountB  of  other  minerala.  The  commonest 
variety  of  anorthosite,  however,  is  composed  of  the  lime-soda  feldspar,  labradorite. 

cBri(gger,  W.  C,  Die  Eniptivgesteine  des  Kristianiagebietes,  1996,  vol.  ii,  p.  21. 
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and  lime-soda  feldspar  groups  (monzonites)  and  the  lime-soda  feldspar 
group  (anorthosit«8),  correspoading  to  doBodic  syenite. 

As  indicated  in  the  sunmiary  above,  the  four  norms  (lY,  V,  VI,  and 
VII)  computed  from  the  analyses  are  in  agreement  (being  expressed  by 
the  same  symbol)  and  the  rock  falls  into  an  unoccupied  or  new  position 
in  the  "Quantitative  System."  Although  analyees  of  rocks  are  reported 
known  that  would  correspond  to  this  position,  no  name  has  yet  been 
proposed  for  this  representative.  Since  the  Nelson  County,  Virginia, 
feldspar-rich  rock  (consisting  normally  of  little  else  than  feldspar)  covers 
an  extensive  area,  and  the  several  accurate  and  complete  analyses  were 
made  on  reasonably  fresh  materia]  collected  from  different  localities  within 
the  area,  piedmontose  is  proposed  by  the  writers  as  an  appropriate  subrang 
name  for  this  new  representative. 

The  exact  position  of  this  new  type  in  the  quantitative  classification 
would  be  expressed  as  follows : 

Clasi  I.  Persalane. 
Order  G.     Canadare. 

Bang  3.  Piedmontate, 

Subrang  4.    Piedmontose. 

The  rock  is  the  first  recorded  representative  of  the  rang  and  subrang,  and 
piedmontose  (rang)  and  piedmontose  (subrang)  are  suggested  as  appro- 
priate names. 

The  norm  calculated  from  analysis  VIII,  made  on  a  carefully  collected 
sample  from  the  American  Rutile  Company's  quarries  at  Roseland,  and 
representing  a  bulk  (composite)  sample  of  the  two  facies  of  the  rock  mass, 
places  it  into  class  I  (persalane),  order  5  (perfelic  or  canadare),  rang  i 
(domalkalic  or  pulaskase),  and  subrang  4  (dosodic  or  laurvikose),  and  is 
designated  laurvikose.  It  is  closely  similar  to  piedmontose,  differing  only 
in  the  rang  position,  which  in  this  case  expresses  the  proportions  of  alkalies 
and  lime  in  the  normative  feldspars. 

It  is  worthy  of  note  that  the  eight  analyses  representing  the  two  faciea 
(homblendic  and  feldspathic)  of  the  rock  are  alike  in  showing  dominant 
soda  over  potash,  and  are  grouped  quantitatively  as  dosodic. 

TABIATIONS   IN   TEE   BTBNITB. 

The  most  extensive  exposures  of  the  freshest  ^enite  were  found  in  the 
mine  of  the  General  Electric  Company  and  in  the  open  cuts  (qnairies) 
of  the  American  Rutile  Company.  Complete  description  of  the  syenite  at 
these  two  localities  is  given  on  pages  163  and  179.    The  following  descrip- 
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tione  of  the  syenite  from  numeroue  widely  separated  localities  will  give  a 
general  idea  of  the  variations  in  the  rock  mase. 

On  the  Cox  farm,  1.5  miles  northwest  of  Bose  Union,  there  is  a  small 
area  in  which  the  percentage  of  rutile  is  eitremely  high,  amountii^  perhaps 
to  10  per  cent.  The  surface  is  almost  covered  in  places  with  gravel  con- 
sisting of  pebbles  of  mtile  and  quartz  which  have  been  weathered  out  from 
the  syenite  and  become  concentrated  on  the  hill  slope.  A  prospect  pit 
emik  through  the  residual  rock  decay  reached  the  fresh  syenite  at  a  depth 
of  little  over  6  feet.  The  syenite  is  entirely  free  from  hornblende  or 
pyroxene  consisting  of  feldspar,  rutile,  quartz,  and  a  few  scattered  grains 
of  ilmenite.  The  feldspar  is  white,  partly  perthitic  in  texture,  and  in 
places  shows  fine  multiple  twinning.  Large  warped  cleavage  planes  afford 
evidence  of  dynamic  metamorphism.  Butile  occurs  in  irregular  angular 
grains  having  a  maximum  diameter  of  1  cm.,  arranged  in  irregular  broken 
lines  running  in  various  directions.  Blue  quartz  is  present  in  irregular 
masses  ranging  up  to  3  cm.  in  diameter.  A  thin  section  of  the  rock  (Spec. 
101)  examined  microscopically  exhibits  no  unusual  characters  from  the 
normal  rutile-bearing  feldspathic  facies  of  the  syenite  described  on  pages 
12-75.  There  are  several  other  localitJes  in  this  immediate  vicinity  where 
rutile  occurs  in  considerable  quantities. 

Plate  XXXVI,  fig.  2,  facing  page  252,  is  a  photograph  of  a  specimen 
of  blue  quartz  and  mtile  from  the  Cox  farm. 

Large  pieces  of  loose  rutile  are  found  on  the  surface  1.35  miles  west 
of  Rose  Union  intimately  associated  with  large  weathered  boulders  of 
syenite.  When  broken  open  the  syenite  boulders  (Spec.  105)  are  found  to 
be  honeycombed  with  large  angular  cavities  ranging  up  to  3  cubic  inches 
in  size.  The  cavities  contain  a  white  porous  residue  consisting  mostly  of 
earthy  apatite,  and  it  is  probable  that  the  cavities  are  due  to  removal  of 
this  mineral  by  solution.  They  are  frequently  separated  by  narrow  parti- 
tions about  an  eighth  of  an  inch  in  thickness  composed  of  feldspar,  blue 
quartz,  and  mtile.  Xo  minerals  other  than  the  ones  mentioned  could  be 
identified  in  the  rock. 

On  the  south  side  of  Allen  Creek,  about  half  a  mile  southwest  of  Rose 
Union,  a  large  exposure  of  syenite  occurs  composed  of  white  feldspar  with 
much  graphite  and  pyrite.  A  few  scattered  grains  of  b3ue  quartz  could  be 
distinguished  but  no  other  minerals  were  identified.  Fastting  up  the  creek 
from  this  point  graphite  in  small  flakes  may  be  found  in  most  of  the  rock 
exposures,  and  at  a  distance  of  about  a  quarter  of  a  mile  some  large  pieces 
of  rock  weighing  more  than  twenty-five  pounds  were  procured  from  the  bed 
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of  the  creek  that  appear  to  be  composed  entirely  of  graphite  and  pyrite. 
The  pyrite  ie  rapidly  oxidized  on  exposure  to  the  air.  Passing  down  the 
creek  graphite  was  also  foond  at  several  places.  Aboat  three-quarters  of 
a  mile  northwest  of  Bose's  Mill  an  exposure  of  gneiasic  syenite  in  which 
quartz  is  dominant  over  feldspar  shows  numerous  small  flakes  of  graphite 
and  a  few  grains  of  rutile  and  ilmenite. 

Near  this  exposure  is  another  in  which  graphite  is  absent.  The  syenite 
is  gneiesic  in  structure  and  composed  for  the  most  part  of  feldspar,  bluish 
gray  quartz,  hornblende,  and  numerous  scattered  grains  of  rutile.  A  thin 
section  of  the  rock  (Spec.  110)  shows  the  usual  primary  and  secondary 
minerals  which  characterize  the  feldspathic  faeies  of  the  syenit*.  Evidence 
of  dynamic  metamorphism  is  manifested  in  fractures,  wavy  extinction,  and 
granulation  of  the  quartz  and  feldspar. 

In  the  bed  of  a  small  branch,  1.5  miles  southeast  of  Lowesvilte,  syenite 
ia  exposed  which  consists  lai^Iy  of  blue  quartz  with  smaller  amounts  of 
kaolinized  feldspar  and  numerous  small  grains  of  rutile. 

Fresh  syenite  of  medium-grained  texture  and  gneissic  structure  was 
exposed  in  blasting  for  the  foundation  of  a  building  on  Mr.  J.  Hill's  farm, 
half  a  mile  northeast  of  Rose  Union.  The  rock  (Spec.  133)  is  composed 
chiefly  of  feldspar,  together  with  gray  quartz  in  fine  lines  or  stringers, 
pyroxene,  and  a  few  grains  of  rutile  and  ilmenite. 

On  Col.  J.  T.  Hubard's  farm,  about  1.25  miles  northeast  of  Rose  Union, 
much  nitile-bearing  float  ia  found  scattered  over  a  small  area.  The  loose 
rock  fragments  are  similar  in  appearance  to  the  syenite  described  on  page 

83  and  reproduced  in  PI.  XXXIII.  The  rock  (Spec.  138)  is  composed  of 
large  feldspar  masses  10  cm.  and  more  in  diameter  surrounded  and  separated 
by  a  mixture  of  rutile,  apatite,  blue  quartz,  and  feldspar,  A  little  secondary 
muscovite  is  also  noted. 

In  a  field  tliree-quarters  of  a  mile  north  of  Roseland  is  an  isolated  out- 
crop of  schist  derived  from  the  syenite  by  local  crushing.  The  rock  is 
much  weathered.  Small  grains  of  rutile  may  be  identified  and  lenses  of 
blue  quartz  occur  in  the  outcrop,  but  are  not  visible  in  the  hand  specimen 
which  seems  to  be  practically  free  from  quartz.  The  schistose  structure  of 
the  rock  (Spec.  20)  is  strongly  developed  in  the  thin  section  under  the 
microscope.  The  principal  minerals  are  andesine  and  orthoclase  feldspar, 
nearly  colorless  to  greenish-brown  fibrous  hornblende,  some  quartz  con- 
taining rutile  needles,  and  several  small  grains  of  rutile  partly  altered  to 
leucoxene.  The  feldspar  is  granulated  and  fractured  from  pressure  effects 
and  considerably  altered  to  epidote,  zoisite,  and  muscovite.  In  many  cases 
the  hornblende  fibres  are  bent  and  broken  from  pressure  metamorphiam. 
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About  three-quarters  of  a  mile  northwest  of  Boaeland,  near  Tye  River, 
a  an  exposure  of  pronounced  schistose  syenite  of  the  homblendic  facies, 
in  which  feldspar,  bine  quartz,  and  hornblende  are  the  megascopic  con- 
stituents. This  outcrop  is  within  500  yards  of  the  syenite-biotite  gneiss 
contact  where  crossed  by  Tye  Kiver.  For  some  distance  south  and  east  of 
this  point  the  syenite  is  of  the  feldspathic  facies  composed  almost  entirely 
of  feldspar  with  very  little  blue  quartz  and  no  hornblende,  so  that  the  rock 
weathers  to  a  white  clay;  but,  passing  northeastward  the  character  of  the 
rock  soon  changes  as  the  contact  is  approached.  The  section  across  the 
contact  at  this  point  is  described  on  page  84.  Schistose  atructore  is 
evident  in  the  thin  section  of  the  rock  (Spec.  22)  which  eshibite  the  asnal 
mineral  composition.  The  principal  alteration  products  are  epidote,  zoisite, 
and  colorless  mica.  Granulation  and  nndnlons  extinction  of  the  light- 
colored  minerals  are  noted. 

On  the  north  side  of  the  county  road,  about  a  quarter  of  a  mile  north- 
east of  Bryant,  are  several  reeflike  exposures  of  schistose  syenite  (PI.  XXIV, 
fig.  2).  The  rock  is  a  medium  coarsegrained  mixture  of  feldspar,  blue 
quartz,  hornblende,  rutile,  and  biotite.  The  quartz  is  drawn  out  into 
Img,  broken  stringers  oriented  along  a  N.  SC-BO"  W.  direction.  Butile 
occurs  in  disseminated  grains.  This  is  the  only  locality  where  biotite  was 
observed  as  a  noticeable  megascopic  constituent  of  the  syenite.  Some  of 
the  exposures  exhibit  the  same  pitted  weathering  effect  of  the  rock  surface 
as  obeerved  on  the  east  side  of  Tye  Kiver  above  Roseland  (PI.  V).  When 
stndied  in  thin  section  under  the  microscope  the  rock  (Spec.  57)  conforms 
entirely  in  mineral  composition  to  the  hornblende-bearing  syenite. 

Specimen  223,  taken  from  an  outcrop  near  the  entrance  to  Major  Boyd's 
fam  half  a  mile  southeast  of  Bryant,  is  a  foliated  rock  composed  of  light 
bands  of  feldspar  with  a  little  quartz,  which  alternate  with  dark  bands 
containing  deep  blue  quartz,  ilmenite,  and  a  little  biotite.  Except  for  the 
presence  of  brown  biotite,  a  thin  section  of  the  rock  shows  the  usual  com- 
position of  the  syenite.  The  schistose  structure  is  plainly  marked  in  the 
section  accompanied  by  the  development  of  much  secondary  colorless  mica, 
and  granulation  of  the  quartz  and  feldspar.     (Fl.  X,  fig.  2.) 

On  the  slope  of  the  mountain  about  a  mile  east  of  Bryant  exposures  of 
gneisgic  syenite  (Spec.  226)  occur  composed  of  feldspar,  some  of  which 
exhibits  multiple  tvrinning,  light  pink  garnets  about  2  mm.  in  diameter, 
and  small  grains  of  rntile. 

About  700  yards  southwest  of  the  American  Bntile  Company's  quarries, 
in  the  bluff  bordering  the  lowlands  on  the  west  side  of  Vye  River,  there 
is  an  exposure  of  the  feldspathic  facies  of  syenite  carrying  much  rutile. 
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The  photograph  of  the  polished  epecimen  reproduced  in  PI,  XXXIII  was  ob- 
taiiu^  from  a  small  opening  made  in  this  outcrop.  The  syenite  consiets  of 
an  aggi^ate  of  large,  white  feldapar  individaals  averaging  4  to  5  cm.  in 
dianuter  through  which  are  diBtributed  irregular  bands,  lenses,  and  smaller 
areas  ranging  up  to  S  cm.  in  width,  composed  of  brownish-red  mtile, 
grayish-white  to  glassy  apatite,  blue  quartz,  and  smaller  grains  of  feldspar. 
The  large  feldspars  are  partly  perthitic  in  texture  and  show  good  cleavage 
derdopment,  tt«  surfaces  of  which  are  slightly  bent  in  some  cases.  There 
are  inclnsioss  of  Uie  other  minerals  principally  rutile  in  the  feldspar,  and 
these  increase  in  number  near  the  borders.  The  blue  qoartz  is  for  the 
most  part  intimately  associated  with  the  rutile,  but  the  apatite  is  more 
often  separately  segregated.  The  rutile  is  in  irregular  grains  ranging  np 
to  1  em.  and  over  in  diameter.  The  apatite  occurs  in  grayish-white  to 
transparent  granular  crystals.  A  few  small,  scattered  flakes  of  moscovite 
may  be  distinguished,  but  the  rock  is  practically  free  from  hornblende  or 
other  ferramagnesian  minerals.  The  rock  plainly  shows  the  effects  of 
intense  dynamic  metamorphism. 


Because  of  the  extensive  residual  rock  decay  which  conceals  the  fresh 
rock,  contacts  between  the  syenite  and  outside  biotite  gneiss  are  exposed 
in  but  few  places.  The  contact  is  often  indicated  by  a  change  in  color  of 
the  soil,  as  the  ^enite  where  free  from  hornblende  weathers  to  a  white 
clay  and  the  gneiss  usaally  to  a  red  clay  or  gray  sandy  soil.  Close  to  the 
contact  the  red  clay  is  often  much  deeper  in  color,  indicating  a  hi^ier  per- 
centage of  iron  oxide.  The  presence  of  small  pebbles  and  grains  of  rutile 
concentrated  on  the  surface  also  helps  in  tracing  the  syenite. 

Oneiss-syenite  contact  on  the  southeast  side.- — The  only  place  in  the 
region  where  a  sharp  contact  was  found  between  the  syenite  and  hiotha 
gneiss  was  in  exposures  of  moderately  fresh  rock  on  the  southeast  side  of 
the  syenite  area  shown  in  the  photograph  on  PI.  XI,  fig.  1.  The  photograph 
was  taken  in  the  bed  of  Allen  Creek  half  a  mile  north  of  Bose's  Mill  asd 
about  75  yards  southwest  of  the  county  road.  The  line  of  contact  between 
the  two  formations  runs  diagonally  across  the  photograph  and  directly 
under  the  hammer  shown  near  the  center. 

Several  deep  gullies  have  been  cut  in  the  residual  rock  decay  near  the 
contact  between  the  syenite  and  biotite  gneiss  1.35  miles  west  td  Bon's 
Hill.  A  photograph  taken  in  one  of  these  gnlliee  is  reprodnced  in  VL  TV, 
fig.  Z.    It  shows  the  irr^jularity  of  the  rocks  near  the  contact  and  indnnoiu 
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Vig.  1, — C'lintact  betwi 
of  Allen  Creek.  II 
contact. 


mleil    flvenite-ttneisw    near    contnct    between    ajenite    and    biotite-qunrtz 
ite-fjnei'ss.     East  bunk  of  Tye  River,  1  mile  nortliwegt  of  RoBeland. 

SYEXITE-GXEISS  CONTACT  AND  BANDED  GNEISS. 


,db,Googlc 


BTENITE.  85 

of  large,  angular  masses  of  light-colored  material  in  the  darker  rock.  Both 
rockB  are  completely  decayed  b;  the  action  of  atmospheric  agencies 
(weathering) . 

Along  the  east  side  of  Tye  Siver,  extending  dovrnstream  in  a  southeast 
direction  from  the  American  Butile  Compeny'a  quarriee,  a  body  of 
nralitized  gabbro  more  or  less  schistose  in  structure  lies  between  the  ayenits 
and  biotite  gneiss.  On  the  west  side  the  gabbro  apparently  grades  into  the 
homblendic  facies  of  the  syenite,  while  on  the  east  side  the  exact  nature 
of  the  contact  between  the  gabbro  and  gneiss  is  indeterminate  because  of 
lack  of  outcrops  and  thick  mantle  of  residual  rock  decay.  Probably  similar 
relations  obtain  farther  northeast  along  the  same  boundary  about  1.5  miles 
southeast  of  Bryant,  where  gabbro  masses  are  again  developed  and  in 
similar  position  with  reference  to  the  syenite  and  biotite  gneiss.  Here,  aa 
ilong  the  border  zone  in  general,  lack  of  exposures  and  depth  of  residual 
rock  decay  render  accurate  observation  and  interpretation  of  the  exact 
nature  of  the  contacts  between  the  individual  rock  masses  uncertain. 

Three-quarters  of  a  mile  southeast  of  Hoseland  and  within  200  or  300 
yards  of  the  syenite  contact  is  a  large  exposure  of  biotite  gneiss  in  which 
the  principal  minerals — feldspar,  quartz,  and  biotite — are  distinguishable 
megascopically.  Microscopically  the  rock  (Spec.  36)  is  identical  in 
structure  and  mineral  composition  with  the  normal  biotite  gneiss.  A 
sprinkling  of  both  apatite  and  rutile  is  developed  in  thin  section,  and  the 
nsnal  evidence  of  pressure  metamorphism  is  pronounced. 

The  gneiss-syenite  contact  is  probably  located  half  a  mile  east  of  Bose- 
land  and  just  north  of  Hr.  Wilson's  residence,  as  the  change  in  color  of 
soil  from  light  gray  to  dark  red  is  marked.  A  specimen  (35)  taken  from  a 
piece  of  float  at  this  point  indicates  both  megascopically  and  microscopic- 
ally a  rock  of  essentially  the  same  composition  aa  the  outside  biotite  gneiss. 
An  outcrop  on  the  side  of  a  small  stream  three-quarters  of  a  mile  north- 
east of  Roseland  is  composed  of  gneiss  (Spec.  33)  of  essentially  the  some 
general  character  as  specimen  35,  except  that  some  blue-green  flbrons  horn- 
blende is  present  in  addition  to  biotite.  The  same  rock  in  a  more  advanced 
stage  of  weathering  is  exposed  in  the  creek  bed  for  a  distance  of  several 
hundred  yards,  and  again  a  quarter  of  a  mile  farther  east  as  indicated  by 
a  piece  of  float  (Spec.  32)  which  from  microscopic  study  is  biotite  gneiss 
of  the  usual  character. 

On  the  east  side  of  the  road  100  yards  north  of  Hose's  Mill  and  600 
yards  from  the  syenite-gneiss  contact  on  the  southeast  side  is  a  large 
exposure  of  the  typical  biotite  gneiss  cut  by  several  dikea  of  diabase 
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(page  160).  The  rock  (Spec.  129)  is  a  dark  gray  foliated  gneiss  con- 
taining feldspar  eyes  ("angen")  about  0.75  cm.  in  diameter,  biotit«,  and 
some  white  quartz.  MicroBCopically  the  rock  is  identical  with  that  occur- 
ring on  the  Arrington-Boseland  road  one  mile  north  of  Colleen,  and  yield- 
ing the  chemical  analysis  shown  in  coltunn  I,  page  63. 

Gneiss-syenite  contact  on  the  northwest  side. — In  some  places  near  the 
contact  the  syenite  is  interleaved  with  bands  of  a  fine-grained  gabbroie 
rock,  BO  that  it  presents  the  appearance  of  a  banded  and  often  contorted 
gneiss.  The  bluffs  along  the  east  side  of  Tye  Biver  about  2  miles  north- 
west of  Boseland  furnish  the  best  section  across  the  contact  that  is  found 
at  any  locality  on  the  northwest  side  of  the  syenite  area,  and  for  that 
reason  it  is  described  in  some  detail  below. 

On  the  river  bank  about  300  yards  from  the  contact  there  is  exposed 
a  large  hare  surface  of  gneissie  syenite  polished  smooth  by  river  erosion. 
The  rock  consists  of  alternating  bands  of  light-  and  dark-colored  minerals 
that  have  become  greatly  contorted  through  intense  folding  and  minor 
faulting  (see  Fl.  XI,  fig.  2).  The  dark  bauds  are  due  to  the  presence  of 
hornblende  and  the  light-colored  ones  are  composed  of  feldspar  with  occa- 
sional small  lenses  of  blue  quartz.  In  other  portions  of  the  outcrop  the 
dark  bands  are  absent  and  there  is  sufficient  blue  quartz  present  to  form 
stringers.  Some  of  the  baods  have  the  appearance  and  composition  of 
gabbro.  The  general  strike  of  the  achigtosity  is  S.  55°  W.,  and  it  appears 
to  dip  toward  the  northwest  at  an  angle  of  about  70°. 

The  rock  shows  two  principal  directions  of  jointing;  the  earliest 
fractures  have  a  strike  of  about  N.  70°  W.,  but  are  not  very  strongly 
developed,  while  the  later  joints  are  well  defined,  having  a  strike  of 
N".  23°  W.,  and  in  places  show  slight  faulting  with  displacement  of  the 
previous  fractures.  The  faulting  was  uniformly  toward  the  left,  the 
greatest  individual  displacement  observed  being  about  8  inches.  The 
folding  shown  by  the  contorted  bands  of  the  rock  is  due  to  displacement 
without  fracture  in  the  same  direction.  In  some  parts  of  the  exposure 
very  little  contortion  is  observed.  Because  of  difference  in  mineral  com- 
position, the  alternating  bands  of  the  rock  give  risein  places  to  remarkable 
examples  of  differential  decay.  A  few  yards  back  from  the  river  and  above 
the  reach  of  high  water  there  is  an  outcrop  showing  the  deep-pitted  rock 
surface  due  to  weathering  described  on  page  47  and  shown  in  PI.  V. 

Passing  upstream  from  this  point  and  approaching  the  contact  with 
the  biotite  gneiss,  the  rock  exposures  vary  constantly  in  appearance  and 
composition,  showing  in  one  place  gabbro  and  in  another  typical  syenite. 
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but  retaining  as  a  whole  the  banded  or  interleaved  structure.  Detailed 
litbologic  descriptions  follow : 

Specimen  23  waa  taken  from  the  river  bluff  about  one  mile  northwest 
of  Boseland  and  within  100-300  yards  of  the  contact.  It  is  a  light  brown 
gneiss  of  even-granular  teztare,  composed  of  white  plagioclase  feldspar, 
showing  fine  multiple  twinning,  garnets  in  irregular  brown  grains  about 
Z  mm.  in  diameter,  hornblende,  and  numerous  flakes  of  graphite  ranging 
up  to  3  mm.  in  length.  Microscopically  a  thin  section  shows  a  medium 
granular  rock  of  granitic  composition.  The  principal  minerals  are  plagio- 
clase and  potash  feldspars  partly  intergrown,  quartz  containing  inclusions 
of  rutile  needles,  large  irregular  areas  of  garnet  considerably  fractured, 
irregular  areas  of  graphite,  apatite  as  inclusions  in  the  other  minerals, 
cHidBy  feldspar  and  ijuartz,  much  secondary  colorless  mica,  epidote,  zoisite, 
and  leucozeue.     A  single  large  grain  of  rutile  was  identified. 

About  75  yards  farther  north  another  specimen  (24)  was  taken  of  a 
dark  brown  gneiaa  whose  minerals  are  arranged  in  distinct  bands.  It 
contains  white  plagioclase  feldspar  which  with  the  aid  of  a  lens  exhibits 
fine  multiple  twinning,  hornblende,  a  little  blue  quartz,  and  a  few  scattered 
grains  of  ilmenite.  Graphite  in  small  flakes  is  also  very  sparingly  present 
and  possibly  some  light-colored  garnet,  but  this  is  uncertain.  The  contact 
between  the  rutile-bearing  rocks  and  the  biotite  gneiss  passes  very  close 
to  this  point,  but  is  concealed  by  the  residual  rock  decay  and  can  not  be 
definitely  located.  A  thin  section  of  the  rock  (Spec.  24)  shows  it  to  be  a 
nralitized  gabbro  of  the  same  composition  as  that  occurring  on  the  south- 
east side  of  the  syenite  area.  The  minerals  are  plagioclase  (andesine) 
intergrown  with  orthoclase,  greenish-brown  hornblende  derived  from 
pyroxene,  much  brown  biotite,  magnetite  or  ilmenite  partly  altered  to 
leucoxene,  a  little  apatite,  and  a  single  grain  of  rutile.  The  feldspars  are 
altered  and  the  thin  section  shows  pronounced  evidence  of  pressure  meta- 
morphism. 

About  a  quarter  of  a  mile  farther  northwest  at  the  head  of  an  old 
mill  race  is  an  outcrop  of  syenitic  rock  that  probably  represents  an 
apophysis,  as  it  is  located  at  some  distance  from  the  main  syenite  mass  and 
wholly  within  the  biotite  gneiss.  The  rock  (Spec.  25)  is  composed  of 
feldspar  and  grains  of  blue  quartz  that  show  a  suggestion  of  graphic  texture. 
It  has  been  gendered  schistose  by  intense  crushing  and  shearing  accom- 
panied by  the  development  of  secondary  muBcovite  along  the  planes  of 
schiBtosity.  A  vein  of  white  quartz  penetrates  along  one  side  of  the  out- 
crop. 
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A  thin  section  cut  from  a  liand  specimen  of  the  rock,  shows  the  chief 
feldspar  to  be  microcline  intergrown  with  some  plagioclase.  There 
occur  also  indiyidual  crystals  of  plagioclase  always  more  or  lees  altered  to 
white  mica  and  zoisite  with  some  calcite  and  epidote.  Extinction  angles 
on  the  rhombic  and  other  sections  show  the  plagioclase  to  be  albite,  none 
of  which  showed  a  higher  anorthite  content  than  Ab^An,.  It  aeons 
probable  that  the  plagioclase  was  originally  of  about  the  same  composition 
as  that  of  the  other  sections,  and  in  the  process  of  alteration  the  lime  hu 
been  removed  and  deposited  as  zoisite,  leaving  a  soda-rich  feldspar. 
Oriented  intergrowths  of  quartz  are  common  in  the  plagioclase  crystals. 
In  addition  to  the  plagioclase  intergrowths,  the  microcline  contains  some 
quartz  which  may  or  may  not  be  oriented,  and  included  apatite. 

On  the  south  side  of  the  river  about  a  mile  south  of  lassie's  Mill  and 
fifty  yards  above  Cow  Hollow  Ford  there  is  an  outcrop  of  gneissic  rock 
which  is  similar  to  the  one  last  described.  The  rock  consists  of  large 
oval-shaped  crystals  of  feldspar,  irregular  broken  stringers  of  blue  quarti, 
and  secondary  muscovite  and  biotite.  (See  fig,  4.)  The  mica  has  the 
appearance  of  being  wrapped  around  the  feldspar  and  quartz  individual^ 
and  upon  weathering  the  latter  stand  out  in  strong  relief.  Microscopically 
a  thin  section  of  the  rock  (Spec.  26)  shows,  except  for  the  presence  of 
biotite,  a  similar  composition  to  that  described  above  (Spec.  25).  Color 
less  mica,  epidote,  and  kaolin  are  the  common  secondary  minerals  derived 
from  alteration  of  the  feldspar. 


Fig.  4.— Sketch  of  porphyrltic  gneits  exposed  on  Bouth  side  of  Tye  River  1.B  mil** 
north  of  Clnjipool.     (b)  Biotite  cbieflj-,  if)  feldspar,  (g)  blue  quarts. 


sdbyGoOgle 


SYENITE.  80 

Specimeo  28,  taken  from  an  outcrop  of  the  biotite  gneiss  esposed  in  the 
road  cut  about  half  a  mile  south  of  Cow  Hollow  Ford,  is  a  gray,  coarsely 
crjstaUine  rock  in  which  feldspar,  biotite,  mnscovite,  and  a  few  grains  of 
light  blue  quartz  are  identified  megascopically.  Under  the  microscope  the 
rock  shows  identical  composition  in  both  principal  and  accessory  minerals 
with  the  outside  normal  biotite  gneiss  of  the  region  described  on  pages 
59-66.  The  thin  section  shows  considerable  alteration  of  the  principal 
minerals,  especially  the  feldspars.  Granulation  of  the  feldspar  and  quartz 
resulting  in  the  development  of  fine-grained  mosaics  of  the  two  minerals 
from  pressure  metamorpbism  is  very  pronounced. 

About  half  a  mile  northeast  of  Jonesboro,  within  the  biotite  gneiss  area, 
but  not  far  from  its  contact  with  the  syenite,  occurs  an  exposure  of  fine- 
grained, dark  green  amphibolit«  schist,  with  numerous  loose  fragments  of 
the  rock  scattered  over  the  surface.  Schistose  structure  is  apparent  in  the 
thin  section  (Spec.  46)  which  is  composed  chiefly  of  nearly  colorless  to  blue- 
green  fibrous  hornblende.  Zoisite  and  leucozene  are  developed  as  minor 
secondary  minerals. 

Specimen  62,  obtained  from  an  outcrop  on  the  side  of  the  mountain 
three-quarters  of  a  mile  northwest  of  Bryant,  ia  a  fine-grained  gneiss  whose 
megascopic  constituenta  are  feldspar,  quartz,  biotite,  and  ilmenite.  When 
studied  in  thin  section  under  the  microscope  the  rock  is  shown  to  be  of 
the  same  composition  as  the  normal  biotite  gneiss  of  the  region  described 
on  pages  59-66.  Specimen  65,  taken  a  quarter  of  a  mile  north  of  Bryant 
and  close  to  the  biotite  gneiss-syenite  contact,  is  essentially  identical  in 
texture  and  composition  with  specimen  6S. 

Specimens  67,  68,  69,  and  70,  collected  from  outcrops  20  to  30  yards 
apart,  close  to  the  biotite  gneiss-syenite  contact  about  three-quarters  of  a 
mile  northeast  of  Bryant,  are  much  altered  from  weathering,  but  show 
the  textural  variations  often  observed  in  the  biotite  gneiss,  especially  near 
the  northwest  border  of  the  syenite.  They  are  composed  of  essentially 
the  same  minerals,  feldspar,  quartz,  and  biotite,  are  schistose  in  structure, 
but  vary  from  fine-  to  medium  coarse-grained  in  texture.  High  up  on  the 
side  of  the  mountain,  at  a  distance  of  one  mile  from  the  syenite  contact 
with  the  biotite  gneiss,  are  bold  exposures  of  dark  gray  gneiss  showing 
lenticular  eyes  (phenocrysts)  of  feldspar,  and  smaller  amounts  of  biotite 
and  quartz.  Microscopically  the  rock  is  identical  in  composition  with  the 
normal  biotit«  gneiss  of  the  area. 

About  1.5  miles  northeast  of  Bryant  the  syenite  apparently  fingers  out 
into  the  surrounding  biotite  gneiss,  and  pegmatite  or  granite  dikes  are 
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developed  for  some  distance  beyond  the  main  syenite  mass.  Fairly  good 
exposures  of  these  are  shown  in  the  bliifE  along  the  east  bank  of  Hat  Creek 
3.5  miles  northeast  of  Bryant.  The  rock  at  this  point  is  badly  weathered 
but  a  fresh  specimen  was  obtained  from  a  loose  piece  a  short  distance  belov, 
which  shows  a  medium  coarse-grained  rock  composed  of  feldspar  and 
bluish-gray  quartz  with  a  little  chlorite  and  a  few  grains  of  ilmenite.  The 
feldspar  shows  good  cleavage  development  and  frequently  contains  rounded 
inclusions  of  quartz  measuring  0.5  mm.  in  diameter.  MicroscopicaUy  the 
rock  (Spec.  223)  corresponds  to  granite  in  composition.  The  principal 
minerals  are  feldspar  (microcline,  plagioclase  near  oligoclase,  and  some 
orthoclase)  greatly  altered  to  an  aggregate  of  colorless  mica  and  epidote, 
quartz  containing  inclusions  of  rutile  needles  and  dnstllke  particles  as  well 
as  those  of  liquid  or  gas,  brown  pleochroic  biotite,  and  ilmenite  altered 
peripherally  to  leucoiene. 

The  rock  observed  near  the  north  end  of  the  syenite  area,  just  before  it 
fingers  out  into  the  surrounding  biotite  gneiss,  is  very  schistose  in  stmctnre, 
the  minerals  being  mashed  out  into  thin  parallel  lines.  Feldspar,  bine 
quartz,  and  hornblende  are  the  principal  minerals,  but  they  vary  much  in 
their  relative  proportion.     Ilmenite  is  present  in  places. 

ifars  Mountain. — The  peak  locally  called  Mars  Mountain,  located  one 
mile  southwest  of  Bryant,  is  composed  largely  of  biotite  gneiss  of  the  same 
general  character  as  that  described  on  pages  59-66.  It  is  almost  if  not 
entirely  surroimded  by  the  ey^te,  but  appears  to  be  connected  with  the 
outside  biotite  gneiss  on  the  west  side.  This  connection  could  not  be 
definitely  established  because  of  the  complete  burial  of  the  rocks  at  this 
point  under  the  alluvial  material  in  Hat  Creek  valley.  Because  of  its 
greater  resistance  to  weathering  and  erosion,  the  gneiss  forms  the  mountains 
and  ridges,  while  the  syenite  is  largely  occupied  by  valleys.  The  fact  that 
Hat  Creek  has  eroded  its  valley  along  the  west  side  of  Mars  Mountain 
argues  against  a  direct  connection  between  the  outside  gneiss  and  that 
forming  the  mountain. 

The  loose  rock  fragments  on  the  mountain  indicate  a  gradation  from 
the  syenite  through  a  rock  of  gabbroic  composition  into  the  gneiss,  but  out- 
crops are  few  except  near  the  snnunit  Here  the  gneiss  is  medium-graiaed 
in  texture,  composed  of  feldspar,  pale  blue  quartz,  and  biotite.  Under  the 
microscope  a  thin  section  shows  the  -rock  (Spec.  218)  to  be  essentially 
identical  in  composition  with  that  of  the  outside  biotite  gneiss. 
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With  the  exception  of  a  few  dikes  id  the  Ijovingston  district  the  gabbro 
is  confined  to  the  limits  of  the  large  syenite  area.  Most  of  the  occnrrencee 
are  near  the  contact  vitb  the  oateide  gneiss,  forming  in  places  iiregolar 
areas  between  the  gneiss  and  syenite.  Became  of  insuperable  difficulties, 
the  gabbro  was  not  differentiated  from  the  syenite  and  delineated  as  a 
separate  type  on  map,  PI.  I. 

The  gabbro  exposed  on  the  property  of  the  American  Rutile  Company, 
which  is  not  far  from  the  southeast  contact,  grades  into  the  syenite  on 
northwest  side,  but,  owing  to  the  depth  of  residual  decay,  its  relation  to  the 
gneiss  on  the  southeast  side  could  not  be  determined.  This  gabbro  is 
described  in  detail  under  the  geology  of  the  American  Rutile  Company's 
property  (pages  165-168). 

In  the  mine  of  the  General  Electric  Company  gabbro  occurs  as  a  dike 
with  well-defined  walls  but  the  rock  mass  is  very  irregular  in  shape,  widen- 
ing rapidly  towards  the  east,  and  it  is  by  no  means  certain  that  it  doea 
not  grade  into  the  syenite.  The  lack  of  exposures  makes  it  impossible  to 
determine  the  true  relationship  of  the  gabbro  to  the  other  rocks  except 
where  it  is  exposed  in  the  undergroand  workings.  A  description  of  this 
gabbro  accompanied  by  an  analysis  will  be  found  in  the  discussion  of  the 
geology  of  this  mine  (pages  191-192). 

UBOABCOPIC  CHABAOTBB. 

The  gabbros  occurring  in  this  area  range  from  light  to  dark  gray  in 
color,  and  medium,  eren-grained  to  porphyritic  in  texture,  with  the  even- 
granular  texture  predominant.  In  most  of  them  a  slightly  schistose 
atracture  has  been  developed  and  in  some  cases  the  rock  is  strongly  schistose, 
yielding  a  typical  uralitized  gabbro-gneiss  (PI.  X,  fig.  3), 

The  principal  constituent  minerals  of  the  gabbro  are  feldspar  (plagio- 
clase  and  ortboclase),  pyroxene,  chiefly  hypersthene  altered  in  part  to 
hornblende,  with  subordinate  ilmenite,  quartz,  mtite,  and  apatite.  The 
ratio  of  pyroxene  and  its  alteration  product  hornblende  to  feldspar  varies, 
bat  the  latter  is  usually  dominant.  Pyrrbotite  and  graphite  are  generally 
present,  the  graphite  occnrring  in  considerable  quantity  in  some  localities, 
especially  in  the  gabbro  of  the  General  Electric  Company's  mine  where 
the  mineral  also  occurs  in  the  surrounding  syenite.    In  some  of  the  rocks 
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metamorphism  has  changed  a  part  and  in  some  cases  all  of  the  pyroiene 
to  hornblende.  By  increase  of  the  ore  minerals,  ilmenite,  nitUe,  and 
apatite,  and  decrease  of  the  silicate  minerals,  the  gabbros  pass  throngh 
gabbro-neleonite  into  nelsonite.  This  does  not  take  place  aa  a  gradation 
in  a  single  rock  mass,  but  almost  every  intermediate  phase  between  the 
two  rock-types  may  be  found  at  some  place  in  the  district. 

M1CD0800PIO   OHABACTER. 

Thin  sections  of  the  gabbro  show  the  essential  minerals  plagioclsae 
feldspar  of  the  andesine  part  of  the  series  and  pyroxene,  chiefly  liyperstbeDe, 
frequently  partially  or  wholly  altered  to  hornblende,  together  with  ilmenite, 
apatite,  orthoclase,  quartz,  biotite,  rutile,  graphite,  pyrite,  and  zircon.  The 
principal  secondary  minerals  are  hornblende,  chlorite,  epidote,  zoisite, 
leueoxene,  garnet,  biotite  in  part,  and  ferrite  (iron  stain).  Not  all  of 
these  minerals  are  present  in  a  single  thin  section  of  the  rock,  and  of  the 
accessory  and  secondary  minerals  some  are  more  frequent  than  others. 

Feldspar,  usually  the  most  abundant  constituent,  includes  plagioclase 
of  the  composition  of  andesine,  containing  variable  microcline  or  orthoclase 
in  spindle-shaped  intergrowths,  as  the  dominant  variety,  and  a  variable  but 
smaller  amount  of  potash  feldspar,  usually  orthoclase,  sometimes  micro- 
cline. The  plagioclase  occurs  both  in  tabular  and  formless  masses  or 
grains  and  not  infrequently  shows  slightly  elongated  shape.  It  is  made 
up  of  thin  twinning  lamellse  according  to  the  albite  law.  The  lamellae  are 
sometimes  bent  or  curved  and  fractured  from  the  effects  of  pressure  meta- 
morphism. The  spindle-shaped  intergrowths  of  microcline  and  orthoclase 
are  usually  parallel  to  the  twinning  lametlfe  after  the  albite  and  pericline 
laws.  In  a  thin  section  of  the  typical  rock  (Spec.  19)  six  measurements 
made  on  the  rhombic  section  of  the  plagioclase  gave  17.3°,  18,5°,  17°,  19', 
18°,  and  18°,  corresponding  to  range  in  composition  from  Ab„Aiiir  to 
AboiAugB,  with  an  average  of  AbsjAn,,.  Neither  zonal  structure  nor  graphic 
intergrowths  were  observed.  Plate  XX,  fig.  1,  is  a  photomicrograph  of  a 
thin  section  (Spec.  19). 

Orthoclase,  including  microcline,  is  always  present  but  in  greatly  vary- 
ing amounts.  It  is  occasionally  observed  as  formless  grains,  but  its 
principal  occurrence  ia  as  spindle-shaped  intergrowths  with  the  dominant 
feldspar,  andesine,  identical  with  the  intergrowths  in  the  syenite  and  the 
intermediate  facies  between  the  gabbro  and  syenite  (PI.  VIII,  fig.  2).  In 
this  mode  of  occurrence  andesine  usually  forms  the  host  and  microcline  or 
orthoclase  the  roughly  parallel,  long,  and  narrow  spindles.     Microcline  is 
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T&iiaDt  but  as  spindle-shaped  intergrowths  with  andesine  it  ib  probably 
more  abimdaiit  than  orthix:laBe. 

The  feldspars,  especially  plagioclase,  nsnally  contain  inclusions  which 
are  so  abtindant  in  some  cases  as  to  largely  obscnre  the  snbatance  of  the 
host.  The  inclusions  are  of  divers  kinds  and  shapes.  Long,  narrow-shaped 
bodies,  probably  feldspar  (orthoclase  or  microcline),  are  noted  sometimes 
in  two  sets  which  cross  at  a  definite  angle.  TraDsparent  and  colorless 
grains  irregularly  rounded  to  rectangular  outlines  of  probably  feldspar  of 
lower  refractive  index  than  the  matrix  are  shown.  Dustlike  particles,  the 
identity  of  which  was  indeterminate,  apatite,  and  mtile  occur. 

Pyroxene,  chiefly  hypersthene,  together  with  its  alteration  product 
hornblende,  next  to  feldspar,  is  the  most  abundant  constituent.  The  change 
of  pyroxene  to  hornblende  is  most  extensive  and  the  hornblende  is  most 
abundant  in  the  thin  sections  of  gabbro  showing  the  greatest  dynamo- 
metamorphism.  In  some  thin  sections  secondary  homblrade  is  more 
abundant  than  pyroxene.  The  pyroxene  occurs  in  subhedral  crystals 
flattened  or  prismoid  and  in  irregular  grains.  It  is  of  light  to  moderate 
color,  pleocbroic,  possesses  good  cleavage,  and  carries  inclnsions  which  fre- 
quently impart  a  submetallic  or  bronze-like  lostre.  Irregular  fractures 
ate  not  infrequent.  Fleochroism  T  =  greenish,  X  =  reddish-yellow, 
Z  =  reddish-brown.  Besides  inclusions  of  apatite,  magnetite,  and  bairlike 
toims,  probably  mtile,  the  hypersthene  frequently  contains  brown  inclu- 
sions oftoi  regularly  arranged  and  rectangular  in  outline,  which  give  to  it 
a  rather  distinctive  bronze-Uke  lustre.  Hornblende  is  the  commonest 
alteration  product  of  the  pyroxene.  The  hornblende  shows  the  usual 
optical  characters  indicative  of  secondary  origin.  It  is  usually  a  pale 
bhe-green,  fibrous  and  frayed-ont,  and  pitted  around  the  borders.  It 
frequently  shows  columnar  and  irregular  platy  masses,  with  pronounced 
pleochroism  in  the  deeper  colored  forms.  Occasional  pieces  show  the  two 
prismatic  cleavages  mottled  by  incloeures  of  feldspar.  In  some  cases  the 
hornblende  shows  partial  alteration  to  chlorite,  sometimes  accompanied  by 
the  separation  oi  grains  of  black  oxide  of  iron  distributed  through  the 
Eubetance  of  the  chlorite. 

Biotite  is  present  in  many  of  the  thin  sections,  ranging  from  a  few 
scattered  ahreds  in  some  to  a  goodly  proportion  in  others.  It  occurs  in 
■ingle  shreds  and  aggregates,  brown  in  color,  strongly  pleochroic,  and  in 
many  cases  is  partially  or  entirely  altered  to  chlorite. 

Quartz  is  quite  generally  present  but  in  variable  amount.  It  is  moat 
abundant  in  sections  of  the  transitional  type  and  like  that  of  the  syenite 
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it  contains  inclusionB  of  rntile  needles.  It  occupies  distinct  areas,  fre- 
quently shows  mashing  and  optical  disturbance,  and,  besides  hairlike  incln- 
sions  of  rutile,  it  carries  inclnsions  of  graphite  and  indetermiiiate  dustlike 
particles. 

Ilmenite,  rariable  in  amount,  is  usually  present  in  considerable  qnsnti^ 
as  euhedral  and  anhedral  crystals  of  email  and  large  size.  It  is  frequently 
altered  peripherally  to  leucosene,  in  many  cases  completely  altered,  is 
others  a  nueleal  particle  of  the  ilmenite  remains  snrrounded  by  leucoiene, 
with  nearly  all  gradations  between  these  extremes. 

Apatite,  in  varying  amount,  occurs  as  separate  individnals  of  euhedral 
and  subhedral  form  and  as  inclusions  in  the  principal  minerals.  It  ii 
usually  fresh,  without  inclusions,  but  is  sometimes  fractnred.  Butile  ii 
frequent  as  needle-lilte  inclusions,  and  was  obserred  in  several  thin  sectiona 
in  occasional  formless  grains.  Garnet,  as  nearly  colorless  anhedra  exhibit- 
ing fractures,  is  present  in  several  thin  sections. 

Graphite  was  identified  in  a  number  of  the  thin  sections,  as  inclusioiu 
in  the  quartz,  as  small,  irregular  areas  associated  with  the  principal  min- 
erals along  lines  of  fracture  and  boundaries  (sutures)  between  the  minerals, 
and  to  some  extent  in  their  substance  in  a  manner  suggestive  of  replace- 
ment. It  is  probably  moat  frequently  associated  with  the  light-colored 
minerals.  The  relations  are  such  as  to  suggest  that  the  graphite  in  part 
.at  least  is  primary.  Epidote  and  zoisite  occur  in  many  thin  sectiom  aa 
secondary  minerals  derived  from  feldspar.  The  former  is  probably  the 
most  abnndant,  and  when  zoiBite  ia  present,  thej  are  closely  associated  as 
an  epidote-zoisite  aggregate,  the  individnale  being  differentiated  by  their 
contrasted  double  refraction.  Pyrite  is  sometimes  present  but  always  in 
small  amount.    It  is  intimately  associated  in  one  section  with  graphite. 

CHEMICAL  COMPOSITION   AND  CLASSIFICATION. 

The  chemical  composition  of  the  gabbroe  is  shown  in  the  table  of 
analyses  below.  The  analyses  were  made  on  specimens  of  gabbro  collected 
along  the  southeast  border  of  the  syenite  mass  in  the  vicinity  of  Roseland, 
and  the  American  Butile  Company's  quarries,  and  in  the  mine  of  the 
General  Electric  Company. 
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B  of  gabbros  from  Nelson  Cottnty,  Virginia, 
(Wu.  M.  THOBnTon,  Jb.,  Analyat.) 


I 

n 

in 

IV 

V 

50.99 
12.40 
2.10 
11.80 
4.09 
6.46 
2.38 
2.19 
0.12 
1.21 
4.66 
1.86 
0.11 
Trace 
Trace 

61.08 
16.45 
0.84 
10.08 
6.95 
5.57 
3.49 
1.28 
0.08 
0.61 
4.44 
0.14 
0.08 
Trace 
Trace 

54.80 
14.28 
3.08 

6.67 
2.61 
2.00 
0.16 
1.23 
4.15 
0.70 
0.02 
Trace 
0.02 

57.74 
18.90 
1.42 
8.87 
3.62 
6.42 
3.74 
1.72 
0.06 
1.11 
1.24 
0.28 
0.02 
Trace 
0.20 

M.6. 

16.51 

FeO 

8.33 

MgO   

4.27 

c^ .:::::::::::: 

Na,0    

3.06 

H,0— 

0.11 

™.  ■";■.■;;:' 

3.62 

mdo' : 

0.06 

8  

0.05 

Specific  gravity. . 

100.37 

100.99 
2.977 

99.69 


100.19 

100.31 

1.    Gabbro  dike  exposed  in  Dorth  croii-cut  on  the  100-foot  level,  50  feet  from 

abaft,  General  Electric  Co.'a  mine,   1.6  mile*  northwest  of  Rose's  Mill. 

Width  of  dike  where  sampled  8  feet;    strike  S.  78°  G;    dip  G6°  N. 
n.    Gabbro  in  RocelaDd-ArringtoD  road,  near  Mr.  Adams's  house,  about  100  yards 

south   of   Roseland   poatKiffice.    Cut   by   diabaie   dike   jieldiog   analyaJa   in 

column  II,  p.  168. 
in.    Gabbro  along  east  side  of  Tye  River,  626  feet  south  of  American  Rutile  Co.'s 

south  quarry.    Gabbro  shows  gneisaic  structure. 
IV.    Gabbro  along  east  side  of  Tye  River,  about  96  feet  north  of  III ;    apeciinen 

collected  on  east  side  of  and  near  contract  with  diabsse  dike  8  feet  wide 

jrielding  analysis  in  column  III,  p.  IS8.    Gabbro  gneisaic  in  structure. 
T.    Average  of  I,  II,  III,  and  IV. 

The  microBcopical  character  of  the  gabbro  yielding  the  analysis  in 
column  I  is  given  on  page  19S,  and  the  analyses  in  columns  III  and  IV  on 
pages  166-167. 

The  sample  used  for  analysis  II  was  from  an  exposure  of  gabbro  on  the 
connty  road  between  Boseland  and  the  mill  of  the  American  Rutile  Com- 
pany. It  is  a  medium  gray,  even-granular  rock,  masaive  in  thin  section 
bat  abowing  very  sligbt  schistose  structure  in  the  hand  specimens.  Under 
the  microscope,  a  thin  section  shows  the  principal  mioerals  to  be  pyroxene 
chiefly  hypersthene,  altering  peripherally  to  hornblende,  plagioclase  feldspar 
(andesine)  of  the  composition  Ab„An„  containing  variant  microcline  in 
spindle-shaped  intergrowths  usually  oriented  parallel  to  the  twin  lamellie 
after  the  albite  and  pericline  laws,  a  little  microcline,  ilmenite  altering  to 
lencoxene,  rutile  as  hairlike  inclusions  and  separate  grains,  apatite,  and 
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inclOBuxes  of  quartz  in  the  feldspar.    A  photomicrograph  of  a  thii 
of  the  rock  is  reproduced  in  PI.  XX,  fig.  1. 

The  Qonns  calculated  from  the  analyses  above  are  as  follows: 

Norms  corresponding  to  atuUyies  of  gabhro  on  page  95. 


I 

n 

m 

IV 

8.94 
12.79 
19.91 
16.68 
3.43 
21.05 
3.02 
8.82 
4.03 

'i:33 

'7:23 

29.34 
25.58 

S'.5» 
1.16 
8.96 
0.31 

'ii'.SS) 

15.54 
11.68 
22.01 
21.41 
5.78 
7.90 
4.41 
7.90 
1.55 

i'M 

10  01 

29  79 

12  30 

Magnetite 

2.09 

0.62 

kW  .^''^V'  V/.'.'.'.'.' '.'.'.'.'.'.'■ 

1.17 

100.00 

101.02 

99.61> 

100.34 

oincludea  MnO,  .02; 

S,  .02. 

No. 

Symbol 

1                 Name 

L 

n. 
nx 

TV. 

in.  4'.  3.  '4. 

'in.  s.iy.i. 
n.  4.  8.  '4. 

H.  '5.  3-.  4. 

Vaalose. 
1       Andos&camptonose. 
Tonalose. 
Hessose-andose. 

Attention  is  directed  in  the  composition  of  the  gabbros  to  the  variable 
but  reasonably  high  SiO,  and  K,0,  indicated  in  the  thin  sections  bv  the 
presence  usually  of  quartz  and  potash  feldspar  (microcline  and  orthoclase) 
as  occasional  separate  grains,  but  chiefly  as  spindle-shaped  intergrowths 
with  the  dominant  feldspar  (andesine).  The  analyses  are  further  uote- 
worthy  for  the  uniformly  high  percentage  of  TiO,  and  to  a  less  extent 
PjOj,  a  characteristic  feature  in  the  composition  of  the  rocks  of  this  area 
that  is  discussed  elsewhere  in  this  report.  Excepting  the  ferromognesiaii 
mineral,  pyroxene,  whose  exact  chemical  composition  is  unknown,  there 
is  reasonably  close  agreement  in  the  norms  and  the  actual  mineral  com- 
position of  the  gabbios. 

Like  the  diabase  (pages  156-160),  the  albite-anorthite  ratio  of  the 
gabbro!!,  calculated  from  the  analyses,  corresponds  very  closely  in  each  case 
to  a  plagioclasu  feldspar  having  the  composition  Ab,An,. 
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DETAILS  OF  OCCDHRENOEB. 

The  brief  descriptione  which  follow  below  will  give  a  general  idea  of 
the  character  end  occurrence  of  the  gahbro  in  other  localities  within  the 
area: 

Blasting  for  a  roadway  on  the  farm  of  Major  Boyd,  three-quarters  of  a 
mile  southeast  of  Bryant,  furnished  a  fresh  exposure  of  gabbro  (Spec.  86). 
It  is  an  even-granular,  light  gray  rock  slightly  schistose  in  structure,  and 
composed  of  the  following  minerals  given  in  the  order  of  their  relative 
abondance :  White  feldspar,  dark  green  pyroxene,  irregular  grains  of  light 
pink  garnet,  graphite,  quartz,  ilmenite,  and  pyrrhotite.  Examined  in  thin 
section,  under  the  microscope,  the  principal  minerals  are  feldspar  (plagio- 
clase  near  andesine,  orthoclase  and  microeline  chiefly  as  intergrowths  with 
andesine),  pyroxene  chiefly  hypersthene,  ilmenite,  garnet,  quartz,  a  little 
graphite,  pyrite,  and  zircon  (?).  Butile  and  apatite  occur  as  inclusions. 
The  secondary  minerals  are  kaolin,  muscovite,  and  leucoxene.  Quartz, 
present  in  small  amount,  contains  inclusions  of  rutile  needles  and  shows 
wavy  extinction.  Some  of  the  plagioclase  feldspar  shows  bent  and  curved 
lamellffi  which  are  broken  across  in  some  cases. 

On  the  farm  of  A.  W.  Campbell,  about  l.G  miles  south  of  Bryant,  there 
occurs  a  gabbro  (Spec.  93)  very  similar  to  that  described  above  except  that 
it  contains  less  graphite  and  a  little  more  quartz.  It  contains  occasional 
bands  that  are  coaraely  crystalline  in  texture,  the  individual  minerals 
averaging  1  to  2  cm.  in  diameter.  This  coarse  portion  of  the  rock  is  com- 
posed for  the  most  part  of  feldspar,  pyroxene,  and  ilmenite.  Considerable 
secondary  pyrite  is  present  as  a  coating  on  the  other  minerals. 

Microscopically,  a  thin  section  of  this  rock  indicates  that  it  represents 
a  probable  transitional  facies  between  the  syenite  and  the  gabbro  proper. 
The  evidence  is  based  chiefly  on  composition.  The  principal  feldspar  is  an 
intergrowth  of  andesine  with  orthoclase  (microeline),  in  which  andesine  is 
the  boat  and  orthoclase  (microeline)  the  spindles,  giving  the  structure  but 
reversing  the  order  of  species  in  microperthite.  Much  of  the  quaitz  con- 
tains abundant  inclusions  of  rutile  needles.  The  principal  minerals  are 
feldspar  (chiefly  andesine-orthoelase  (microeline)  intergrowths,  separate 
individuals  of  plagioclase  near  andesine,  and  some  microeline),  pyroxene, 
chiefly  hypersthene,  quartz  containing  hairlike  inclusions  of  rutile,  ilmenite 
altering  to  leucoxene,  some  graphite,  pyrite,  and  apatite  inclusions.  Partial 
granulation  of  the  feldspar  and  quartz  is  indicated,  and  the  quartz  shows 
wavy  extinction.  Plate  VIII,  fig.  2,  shows  a  photomicrograph  of  the  thin 
section. 
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There  is  an  outcrop  of  gabbro  (Spec.  230)  near  the  south  side  o!  the 
county  road,  1.7S  miles  south  of  Bryant.  The  rock  is  dark  gray  in  color  and 
containB  feldspar,  pyroxene,  ilmenite,  and  a  little  quartz.  From  the  large 
percentage  of  ilmenite  present  the  rock  resembles  gabbro-nelsonite,  and  it 
may  grade  into  it  as  there  are  outcrops  of  the  latter  (Spec.  219)  within 
a  few  yards  (page  145).  Mnch  ilmenite  sand  is  concentrated  on  the  surface 
in  places.  Microscopically  the  chief  minerals  are  the  same  as  in  specimen 
93,  page  97,  except  that  microcline  is  less  in  amount,  and  though  quartz  is 
present  in  goodly  quantity  very  few  rutile  inclusions  were  observed.  The 
character  of  the  feldspar  is  the  same  for  the  two  thin  sections,  and  like 
specimen  93  this  rock  represents  a  probable  transition  faciee  between  the 
syenite  and  the  gabbro.  Pyroxene,  chiefly  hypersthene,  and  ilmenite  are 
present  in  their  usual  amount;  the  former  (pyroxene)  is  partly  altered  to 
pale  green  fibrous  hornblende,  and  ilmenite  partly  to  leucoxene. 

On  the  farm  of  Cubus  Whitehead,  about  1.75  miles  southeast  of  Lowes- 
ville,  there  is  much  gabbro  float  (Spec.  116).  The  rock  is  porphyritic  in 
texture,  which  on  weathering  gives  a  pitted  surface.  It  is  dark  gray  in 
color  and  is  composed  of  irregular-shaped  feldspar  phenocrysts  about  0.75 
cm.  in  diameter  imbedded  in  a  ground-mass  of  hornblende,  feldspar,  quartz, 
and  ilmenite.  Much  rutile,  in  pieces  as  large  as  a  walnut,  is  intermingled 
with  the  gabbro  float.  In  thin  section,  under  the  microscope,  the  rock  is 
seen  to  be  composed  of  feldspar  chiefly  plagioclase  (andesine),  pale  green 
fibrous  hornblende,  quartz,  ilmenite,  a  little  apatite,  and  an  occasional  grain 
of  zircon  (?).  Feldspar  shows  alteration  into  muscovit«  and  kaolin,  and 
ilmenite  into  leucoiene.  Mashing  from  dynamo-metamorphism  is  mani- 
fested in  some  of  the  minerals  in  thin  section. 

An  exposure  of  gabbro  (Spec.  125)  is  shown  in  the  bluff  that  borders 
the  south  side  of  Piney  River  opposite  the  mine  of  the  General  Electric 
Company.  It  is  a  dark  greenish-brown  rock,  considerably  altered,  but  com- 
posed for  the  most  part  of  feldspar,  hornblende,  and  chlorite.  When 
examined  in  thin  section,  under  the  microscope,  the  principal  minerals  are 
seen  to  be  feldspar  (plagioclase  and  orthoclase  (microcline)),  pyroxene 
largely  altered  to  hornblende,  quartz,  biotite,  ilmenite,  and  incInsiooB  of 
rutile  and  apatite.  Secondary  pale  green  hornblende,  in  columnar  and 
irregular  platy  fibrous  form,  is  the  most  abundant  mineral.  Feldspar  and 
quartz  show  granulation  and  the  latter  wavy  extinction.  Much  of  the 
ilmenite  is  largely  altered  to  leucoxene. 

On  the  northwest  bank  of  Tye  River,  about  1.25  miles  east  of  Rose 
Union,  a  gabbro  dike  (Spec.  137)  is  exposed  close  to  the  contact  between 
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the  nitile-bearing  rocks  and  the  outside  gneiss,  but  probably  lies  within 
the  latter.  The  dike  is  about  12  feet  wide  and  has  a  strike  of  N.  46°  £. 
It  is  a  fine-grained,  dark  gray  rock,  schistose  in  structure,  composed  of 
feldspar,  biotite,  hornblende,  blue  quartz,  and  ilmenite.  The  large  amount 
of  biotite  present  is  unusual  for  the  gabbros  of  this  area,  and  the  rock 
may  represent  a  border  phase  intermediste  between  the  outside  gneiss  and 
the  gabbro.  Microscopically  the  principal  minerals  are  pale  green  fibrous 
hornblende,  brown  biotite,  quartz,  ilmenite,  apatite,  rutile,  zircon,  calcite, 
and  leucoxene.  Most  of  the  minerals  are  secondary  with  no  trace  of  the 
original  minerals  from  which  they  were  derived.  The  quartz  shows 
pronounced  wavy  extinction  and  granulation.    Feldspar  was  not  identified. 

A  small  dike  of  dark-colored,  disintegrated  rock  crosses  the  county  road 
a  quarter  of  a  mile  northeast  of  Roseland.  A  piece  of  nearby  float  (Spec. 
34),  probably  derived  from  this  dike,  is  composed  largely  of  pyroxene,  with 
lesser  amounts  of  feldspar,  pyrrhotite,  and  ilmenite.  Examined  in  thin 
section  under  the  microscope  the  principal  minerals  are  seen  to  be  pyroxene 
(monoclinic  and  orthorhombic  forms),  some  intermediate  plagioclase 
(andesiue),  less  orthoclase,  a  little  quartz,  ilmenite,  and  occasional  grains 
of  pyrite.  Much  pale  green  fibrous  hornblende,  derived  from  the  alteration 
of  pyroxene,  is  present.  Pyroxene  and  its  alteration  product  make  up  more 
than  75  per  cent  of  the  thin  section.  Plagioclase  feldspar  (andesiue), 
present  in  limited  amount  as  small  anhedral  grains,  is  probably  the  next 
most  abundant  mineral.  The  alteration  of  pyroxene  to  hornblende  is 
frequently  accompanied  by  the  formation  of  much  black  iron  oxide  as  inclu- 
sions in  the  hornblende  substance.  Inclusions  of  apatite  were  noted  in  the 
quartz. 

A  rock  that  appears  to  be  intermediate  between  gabbro  and  syenite 
outcrops  half  a  mile  northeast  of  Rose  Union  (Spec.  131).  It  is  gneissic 
in  structure,  showing  imperfect  banding  of  the  light-  and  dark-colored 
minerals.  White  feldspar  is  dominant  with  dark  green  pyroxene,  ilmenite, 
quartz,  and  a  httle  apatite  as  the  other  constituents.  On  weathering  the 
pyroxene  and  ilmenite  stand  out  in  relief.  Many  small  pieces  of  ilmenite 
and  mtile,  probably  weathered  from  this  rock,  are  found  scattered  over  the 
surface  in  this  vicinity.  Microscopically,  the  rock  appears  to  be  a  transi- 
tional type  between  gabbro  and  syenite.  The  principal  minerals  are 
feldspar  (plagioclase  of  andesine  composition  containing  intergrowths  of 
microcline),  orthorhombic  pyroxene  (hypersthene),  a  few  grains  of  quartz, 
ilmenite,  and  some  rutile.  The  feldspars  usually  carry  inclusions,  among 
which  are  apatite  and  occasional  rutile ;  show  some  alteration,  and  are  of 
similar  composition  to  those  of  the  syenite.     Quartz  shows  optical   dis- 
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tarbance  and  contams  occasional  hairlike  incliiBioiiB  of  mtile.  The 
pyroxene  is  of  the  same  general  character,  and  containa  similaT  browD 
inclnBions  of  elongated  and  rectangular  outline,  as  that  described  above  in 
the  gabbro.  It  showB  alteration  peripherally  and  along  cracks  to  a  fibrous 
green  mineral,  probably  hornblende.  Butile  occnrs  as  grains  of  reddish- 
brown  color  and  is  less  plentiful  than  ilmenite,  both  of  which  show  some 
alteration  peripherally  to  leucoiene. 

Near  the  bend  in  Tye  Biver,  on  the  east  side  and  close  to  the  contact 
with  the  outside  gneiss,  about  one  mile  northwest  of  Boselsnd,  is  an  ex- 
posure of  uralitized  gabbro  in  such  an  advanced  stage  of  weathering  as  to 
render  it  almost  impoesible  to  obtain  a  fresh  specimen.  Study  of  a  thin 
section  under  the  microscope  likewise  shows  the  rock  to  be  greatly  altered. 
The  principal  minerals  are  greenish-brown  hornblende  (uralite)  derived 
from  pyroxene,  soda-lime  feldspar  (andesine),  irregular  ehreds  of  brown 
biotite,  a  sprinkling  of  large  grains  of  apatite,  much  magnetite  or  ilmenite 
rimmed  with  leucoxene  as  an  alteration  product,  and  a  single  large  grain 
of  brown  mtile.  The  feldspar  exhibitB  marked  alteration  chiefly  to 
sericite,  much  of  which  is  discolored  a  dirty  brown  from  iron  oxide  which 
almost  obscures  the  substance  of  the  original  mineral.  {See  PI.  VIII, 
fig-  2.) 

Nelsonite. 


Kelsonite  is  the  name  given  to  a  group  of  high  titanium-phospboms- 
bearing  rocks  of  igneous  origin,  occurring  in  dikelike  bodies  of  varying 
size  and  irregular  shape  in  the  Amherst-Nelson  coimties  region,  Virginia, 
and  to  a  less  extent  farther  southwest  on  the  northwest  slope  of  the  Bine 
Bidge  in  Boanoke  County  (pages  341-346).  The  name  was  first  proposed 
by  the  senior  writer"  for  the  dtkelike  bodies  in  these  counties  composed 
normally  of  the  ore  minerals  ilmenite  and  apatite,  and  named  for  Nelson 
County,  Virginia,  where  the  rock  was  fiiat  found.  Subsequent  detailed 
work  by  the  writers^  for  this  report  in  Nelson  and  Amherst  counties  has 
resulted  in  extending  the  name  to  include  several  closely  related  and 
associated  varietal  forms  of  the  rock  occurring  in  the  same  area,  based  on 
differences  in  mineral  composition  (pages  103-104).  The  varieties  included 
under  nelsonite  as  now  defined  are  described  in  detail  in  the  following 
pages  100-165.  Ilmenite  nelsonite  to  which  the  name  was  first  applied  is 
the  normal  and  most  abundantly  occurring  variety  of  nelsonite. 

oWaUon,  Thcanaa  L.,  Mineral  Rnourceg  of  Virginia,  1907,  p.  300. 
bWktaon,  Tbomu  L.,  and  'Diber,  Stephen,  Bull.  No.  430,  U.  S.  Geol.  Surrev, 
1909,  Pt.  I,  p.  206. 
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DI8TBIBDTI0N,'' 


Nelsonite  occurs  io  the  form  of  dikelike  bodies  both  in  the  Boeelau^ 
and  LovingstoD  districts.  Beference  to  the  map  (PI.  I)  shows  that,  in 
the  Boseland  area,  the  nelsonite  dikes  nsnailj  occur  not  far  from  and 
distributed  along  the  border  portion  of  the  syenite,  with  most  of  them 
confined  to  the  ^enite  area,  but  eome  are  found  in  the  outside  gneiss 
near  the  contact.  The  nitile-bearing  varietj  of  nelsonite  is  confined 
within  the  limits  of  the  syenite,  but  the  ilmenite  nelsonites  free  from  rutile, 
while  more  nmnerous  within  the  syenite  area,  are  also  found  in  the  out- 
side gneiss  near  the  contact;  and  they  occur  in  the  vicinity  of  Lovingston 
and  on  Davis  Creek.  Magnetite  nelBonite  is  found  in  the  surrounding 
gneiss,  but  does  not  occur  in  the  syenite. 

UEOASOOPIC  CHAEACTBB. 

The  varietal  forms  included  under  nelsonite  are  rocks  of  holocrystalline 
and  even-granular  texture,  of  dark  color,  and  are  composed  of  the  principal 
ore  minerals  apatite  with  ilmenite  or  rutile,  or  both,  and  in  some  cases 
magnetite.  Occasionally  porphyritic  texture  is  developed  in  the  rock  when 
apatite  forms  the  porpbyritically  developed  (pbenocryst)  mineral.  The 
ratio  of  the  ore  minerals  is  subject  to  rather  wide  variation,  usually  the 
dark  titanium  mineral  (ilmenite  or  rutile,  occasionally  magnetite)  being 
in  excess  of  apatite.  Subordinate  silicate  minerals  (chiefly  hornblende 
and  biotite)  may  or  may  not  occur;  in  a  few  cases  either  hornblende  or 
biotite  is  present  in  sufficient  amount  te  be  designated  a  principal  con- 
stituent. Fyrite  is  an  almost  constant  minor  mineral  in  the  Amherst- 
NelsoQ  counties  rocks,  but  is  essentially  absent  from  the  similar  types  of 
Gie  fioanoke  County  area,  possibly  because  of  oxidation,  as  it  was  impossible 
to  obtain  perfectly  fresh  material  from  the  latter  area.  In  most  cases  the 
granularity  of  nelsonite   is   remarkably   uniform,  the  essential   minerals 

oin  a  recent  trip  scrosB  the  Blue  Rjdge  in  Virgiaia,  from  Arrington  to  Vetuviiw, 
b;  waj  of  RoKlaud  and  the  Irish  Creek  tin  area,  Mewra.  Hew  and  LarMS,  of  th« 
V.  S.  Geological  Surrey,  collected  gpecimeaB  of  nelsonite  on  top  of  the  Blue  Bidg«, 
0.6  mile  north  of  Montebello,  near  the  headwaters  of  South  Fork  of  Tye  River. 
According  to  the  Lexington  topographic  sheet,  Montebello  is  8.S  milea  northwest  of 
Muaie'a  Mill,  and  the  locality  from  which  the  specimena  were  taken  is  ahout  7 
miles  bejood  the  northwest  limits  of  the  area  mapped  and  described  in  this  report. 

Thin  sections  of  the  rocks  show  the  principal  minerals  to  be  ilmenite,  apatite, 
K  much  altered  ferromagnesian  mineral  probably  pyroxene,  and  a  few  scattered 
grains  of  zircon  (T),  togetlier  with  the  usual  alteration  products.  The  specimena 
ire  not  fresh  but,  with  the  exception  of  zircon,  the  mineralB  mentioned  above  in 
thin  section  are  readily  recognlted  megascopically. 
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boiog  developed  in  grainB  and  crystals  of  approximKtelj  equal  Bizc  and  of 
-bearly  equal  dimensions  in  all  directions.  The  individual  minerals  usuaUy 
'•^iige  from  1  mm.  to  3  mm.  in  diameter,  rarely  less  than  1  mm.  Plate  Xlf, 
'  ■%.  3,  a  photograph  of  a  polbhed  specimen  of  ilmenite  nelsonite,  shows  the 

texture  of  the  normal  rock. 

SIZE,  8UAFE,  AND  STRUCTURE  OF  THE  BODIES. 

Nelsonite,  including  the  Beveral  varietal  forms  based  on  differences 
in  mineral  composition  noted  below,  is  the  most  abundant  dike  rock  occur- 
ring in  the  district.  The  sizes  of  the  dikes  vary  greatly.  Several  of  the 
more  persistent  ones  may  be  traced  along  their  strike  for  considerable 
distances.  In  length  the  dikes  range  up  to  3,000  feet,  as  exposed  on  the 
surface,  but  lengths  of  several  hundred  feet  are  more  common;  in  width 
from  a  few  inches  up  to  65  feet  or  more,  and  in  depth,  while  none  of  them 
have  been  prospected  for  more  than  100  feet  below  the  surface,  thev  un- 
doubtedly extend  much  farther. 

Though  dikelike  in  character  the  nelsonite  bodies  are  subject  at  times 
to  considerable  irregularity  in  outline.  Several  of  them  are  lenticular 
in  shape  and  where  the  more  continuous  bodies  have  been  exposed  for  some 
distance  they  are  found  to  pinch  and  swell  both  in  dip  and  along  the  strike. 
In  some  instances  the  dikes  before  pinching  out  split  into  several  parallel 
stringers.  They  trend  in  almost  every  conceivable  direction,  but  northeast 
and  southwest  is  the  dominant  direction  of  strike. 

Usually  the  boundaries  between  the  dikelike  bodies  of  nelsonite  and 
the  enclosing  rock  are  sharply  marked,  but  in  places  there  is  a  gradation 
between  the  two,  which  is  especially  true  of  the  rutile  nelsonites.  As  a 
rule  the  nelsonite  bodies  appear  to  conform  to  the  structure  of  the  inclosing 
rock  when  schistose,  but  in  places  the  correspondence  seems  far  from 
being  exact. 

The  prevailing  texture  of  nelsonite  is  even-granular,  usually  «^ilh 
remarkable  uniformity  in  granularity  and  composition  of  the  rock  from 
center  to  walls  of  the  dike.  In  places  in  some  of  the  dikes,  especially 
rutile-nelsonite,  at  the  General  Electric  Company's  mine  near  Rose's  Mill, 
there  is  an  appearance  of  imperfect  banding  or  crustification  of  the 
titanium  minerals  and  apatite,  but  this  is  exceptional  and  can  not  be 
interpreted  as  indicating  vein  origin  as  against  igneous  origin  for  these 
bodies. 

The  nelsonite  bodies  are  usually  cut  by  several  sets  of  rather  cloaely 
spaced  joints,  so  that  the  rock  breaks  into  small   blocks  of  rhomboidal 
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shape  wheD  struck  with  the  hammer.  In  consequence  the  eurface  is  fre- 
quently littered  with  blocks  broken  from  the  rock  in  place.  So  far  as  can 
be  ascertained  from  exposures  faulting  of  the  nelsonite  bodies  appears  to  be 
rare.  It  has  been  observed  only  in  the  ilmenite  nelsonite  dike  on  the  Hight 
place,  about  1.75  miles  a  little  west  of  north  from  Roseland,  but  from  field 
relations  it  is  inferred  in  several  places,  especially  the  nelsonite  occurring 
on  the  Warwick  tract  where  is  opened  the  General  Electric  Company's 
mine  (page  176).  The  horizontal  displacement  is  only  slight  in  amount 
as  may  be  seen  in  PI.  XIV,  a  photograph  taken  of  the  dike  as  exposed 
by  a  shallow  cut. 

MINEaAL  C0MP091T10N. 

YariatioD  in  mineral  composition  gives  rise  to  several  varietal  forma 
of  nelsonite,  the  normal  one  of  which  is  an  even-granular  mixture  composed 
essentially  of  ilmenite  and  apatite.  Ilmenite  or  apatite  may  be  the 
dominant  mineral  but  the  former  is  usually  in  excess.  At  several  localities, 
notably  at  the  General  Electric  Company's  mine  and  the  openings  on  the 
Bourne  place,  near  Rose's  Mill,  and  on  the  Giles  tract,  near  Boeeland, 
ihnenite  is  largely  replaced  by  rutile,  the  rock  being  composed  chiefly  of 
nitile  and  apatite,  with  some  ilmenite.  The  ratio  of  titanium  minerals  to 
apatite  varies,  the  rocks  ranging  from  one  composed  largely  of  the  dark 
minerals  with  but  little  apatite  to  one  composed  practically  of  all  apatite. 
The  apatite  in  the  several  varietal  forms  of  nelsonite  recognized  is  a 
floor-apatite,  as  is  indicated  in  the  analyses  on  pages  147  and  206.  Chlorine 
is  often  present  in  traces,  and  in  one  analysis  sufficient  mangane■^^.'  was 
foimd  to  designate  the  mineral  manga n- apatite. 

Magnetite  replaces  the  titanium  minerals  in  some  of  the  dikes  occurring 
in  the  vicinity  of  Lovingston  and  elsewhere  beyond  the  limits  of  the  rutile 
area  proper,  accompanied  by  apatite  and  biotite.  Biotite,  partly  altered  to 
chlorite,  is  an  important  constituent  in  some  of  the  nelsonites  in  the 
Lovingston  district  and  in  the  Hat  Creek  section  of  the  Roseland  district. 
In  several  occurrences  in  the  Lovingston  district,  and  near.  Rose's  Uill  in 
the  Roseland  district,  hornblende  with  apatite,  the  former  largely  in  excess 
and  in  the  Rose's  Uill  area  altered  to  chlorite,  are  the  dominant  con- 
stituents in  the  rock. 

In  the  different  varieties  of  nelsonite  the  percentage  of  apatite  seems 
to  vary  directly  with  the  titanium  content ;  it  is  greatest  in  the  rutile  and 
ihnenite  nelsonites,  much  less  in  the  magnetite  and  biotite  varieties,  and 
probably  least  in  the  hornblende  nelsonites. 
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A  second  facies  of  the  rock  nelsoDite  is  obaerved  in  parta  of  the  arei, 
vhich  shows  a  predominance  of  the  dark  feiromagDeaian  minerals,  more 
especially  hypersthene  and  secondary  hornblende,  over  the  ore  minerals. 
This  facies  of  the  rock  also  contains  essentia!  feldspar,  chiefly  plagioclaae 
with  a  little  orthoclase,  and  occasional  quartz.  It  is  composed  chiefly  of 
pyroxene  (hypersthene)  and  feldspar  (plagioclaae  principally),  apatite, 
and  ilmenite  or  magnetite.  In  some  places  the  pyroxene  is  partly  or 
entirely  altered  to  hornblende.  For  this  facies  of  the  rock  the  name  gabbro- 
nel8onit€  was  proposed  by  the  writers,  and  ia  described  in  detail  on  pages 
138-145.  It  occupies  an  intermediate  position  between  gabbro  and  nclsonite. 

VARIETIES. 

The  variation  or  range  in  mineral  composition  of  nelsonite  described 
above  gives  rise,  according  to  the  older  terminology,  to  the  following 
varietal  forma  of  the  rock,  which  are  separately  described  on  pages  106-155: 
(a)  Ilmenite  nelsonite,  (b)  rutile  nelsonite,  (c)  magnetite  nelsoaite, 
(d)  biotite  nelsonite,  (e)  hornblende  nelsonite,  and  (f)  gabbro-nelsonite. 

The  prefixes  ilmenite,  rutile,  magnetite,  biotite,  and  hornblende  denote 
special  richness  of  the  rocks  in  these  minerals.  The  prefix  gabbro  denotes 
a  rock  intermediate  in  composition  between  gabbro  and  nelsonite. 

The  dikes  of  nelsonite,  composed  essentially  of  tiie  ore  minerals,  have 
been  prospected  at  many  places  in  the  area,  chiefly  near  Roseland,  Bryant, 
and  Lovingston,  for  phosphate  (apatite),  and  near  Rose's  Mill,  on  Piney 
River,  by  the  General  Electric  Company  for  rutile. 

GENERAL    MICHOSCOPIC    CIIARACTEB8. 

When  examined  in  thin  sections  under  the  microscope  the  variation  in 
mineral  composition,  which  gives  rise  to  the  recognized  varietal  forms  of 
the  rock,  becomes  readily  apparent.  These  are  enumerated  under 
"Varieties"  on  page  104,  and  the  microscopic  characters  of  each  scparatelv 
described  in  detail,  so  that  it  is  unnecessary  to  repeat  the  descriptions  here. 
Only  a  brief  general  summary  of  texture  and  mineral  composition, 
developed  from  microscopic  study,  will  be  given  under  this  heading. 

The  texture  of  nelsonite  varies  from  granitoid  to  porphyritic,  according 
to  variety.  In  granularity  the  range  is  from  medium  to  fine-grained 
rocks.  In  those  types  of  the  rock  exhibiting  granitoid  texture,  the  chief 
minerals  are  usually  formed  in  grains  of  approximately  equal  size  and  of 
nearly  equal  dimensions  in  every  direction.     In  the  porphyritic  typt'S.  the 
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phenocrfsU  may  be  either  plagioclaBe  feldspar,  ae  in  the  gabbro-nelsonitea, 
or  apatite  as  in  several  of  the  nelsonitfls  proper  (PI.  XIII,  fig.  S). 

In  thin  sectione  the  mineral  composition  varies  with  respect  to  the 
chief  constitueBte  according  to  types  of  the  rock  considered.  Variation, 
however,  is  in  general  more  one  of  quantity  than  of  kind,  for  the  dominant 
minerals  in  one  type  become  the  snbordinate  ones  in  another,  and  vice  verea. 
In  nelsonitee  proper  the  rock  is  composed  of  a  granular  mixture  of  the 
ore  minerals  in  which  apatite  though  variable  in  amount  is  alike  common 
to  each  type,  with  ilmenite,  rutile,  or  magnetite,  as  the  second  chief  con- 
Btituent.  Silicate  minerals  are  frequently  sparingly  developed,  increase 
in  which  marks  the  passage  into  other  types  composed  of  a  mixture  of 
silicat«  and  ore  minerals,  the  former  usually  being  in  excess.  Hornblende 
and  gabbro-nelsonites  are  representatives,  the  latter  connecting  the  gabbroa 
with  the  nelsonites  proper.  Nearly  all  gradations  between  types  may  be 
observed. 

Disregarding  types,  thin  sections  of  nelsonite  proper  are  shown  micro- 
scopically to  be  composed  of  the  minerals  ihnenite,  rutile,  magnetite,  and 
apatite,  together  with  the  very  minor  accessories  hornblende,  biotite,  quartz, 
and  titanite.  Leucoxene  and  osteolite  are  the  commonest  secondary  min- 
erals, with  caleite,  chlorite,  and  hornblende  sometanes  occurring.  The 
sulphides,  pyrite  and  pyrrhotite,  especially  pyrite,  are  usually  present,  some- 
times in  considerable  quantity. 

In  the  silicate -bearing  types  of  nelsonite  orthorhombic  pyroxene 
(hypersthene),  hornblende,  biotite,  and  plagioclase  feldspar  (andesine), 
together  with  apatite,  ilmenite,  magnetite,  and  occasionally  a  little  rutile, 
are  the  principal  minerals.  An  occasional  quartz  grain  occurs.  The  usual 
secondary  minerals  derived  by  alteration  from  these  may  be  present. 

Detailed  petrographie  descriptions  of  each  type  of  nelsonite  are  given 
in  the  pages  which  follow,  and  to  which  the  reader  is  referred. 

WEATHBBINO. 

Weathering  has  produced  marked  changes  on  the  outcrops  of  the  nel- 
Booite  bodies,  breaking  them  down  mechanically  and  producing  more  or  less 
chemical  change.  As  the  result  of  these  changes,  which  extend  for  many 
feet  below  the  surface,  the  rock  is  softened  and  crumbles  readily  under  the 
hammer.  The  apatite,  when  not  removed  through  solution  at  the  surface, 
becomes  lustreless  and  chalklike  in  character  principally  through  hydration. 
The  titanium  minerals  are  more  resistant  chemically  and  apparently  have 
suffered  only  slight  effects  through  hydration  and  solution.     More  or  less 
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discoloration  from  iron  oxide  staining  is  frequently  observed,  and  in  some 
cases  the  formation  of  a  new  compound  of  bluish-green  color,  probably  the 
hydrous  ferrous  phosphate,  vivianite,  is  observed.  The  weathered  surfacea 
of  much  of  the  rock  are  characteristically  pitted  from  the  complete  removal 
of  apatite.    {See  PI.  XII,  fig.  2.) 

Dmenite  Nelsonite. 

DISTEIBDTION. 

The  rocks  described  under  this  head  are  with  very  few  exceptions 
limited  to  the  border  portions  of  the  syenite  area,  and  none  are  found  in 
the  central  portion  or  near  the  south  end.  A  few  occur  in  the  outside 
gneiss  in  the  Hat  Creek  section  close  to  the  northwest  border  of  the  syenite, 
but  these  contain  a  little  biotit«  or  chlorite  though  not  sufficient  to  place 
them  in  a  second  group.  They  are  most  plentiful  in  the  Hat  Creek  valley 
at  the  north  end  of  the  area  and  along  the  southeast  border  in  the  vicinity 
of  Tye  and  Piney  rivers. 

MEGASCOPIC  CHARACTER. 

The  normal  type  of  the  rock  nelsonite  is  ilmenite  nelsonite,  which  is 
an  even-granular  mixture  composed  essentially  of  ilmenite  and  apatite. 
It  is  a  massive  dark-colored  rock  of  salt  and  pepper  appearance,  the 
individual  grains  of  ilmenite  and  apatite  averaging  about  3  cm.  in  diameter. 
(See  PI.  XII,  fig.  1.)  The  relative  proportion  of  the  two  mimrnl-  varif:^, 
but  ilmenite  is  generally  dominant  and  usually  averages  between  60  and  80 
per  cent.  The  apatite  occurs  in  rounded  individuals,  1  to  2  cm.  in 
diameter,  which  frequently  show  roughly  hexagonal  cross-sections,  while 
ilmenite  surrounds  the  apatite  grains,  filling  the  interstitial  spaces  and 
binding  the  mass  together.  Wherever  observed,  the  normal  ilmenite  nel- 
sonite is  remarkablj'  uniform  in  texture  and  mineral  composition  from 
center  to  walls  of  the  bodies.  Weathered  specimens  from  which  the  apatite 
has  been  removed  by  solution  exhibit  a  cellular,  spongelike  or  honeycombed 
texture.     (See  PI.  XII,  fig.  2.) 

The  sulphides,  pyrite  and  pyrrhotite,  are  usually  present  when  the 
rock  is  fresh.  They  may  occur  both  as  a  constituent  of  the  rock  and  as  a 
coating  on  the  surfaces  of  joint  planes  which  intersect  the  ore-bodiee.  In 
the  latter  occurrence  the  sulphides  are  of  later  or  secondary  formation. 
In  the  nelsonite  bodies  of  the  General  Electric  Company's  mine,  on  Piney 
River,  much  secondary  pyrite  has  been  deposited  as  a  coating  on  joint 
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planes,  bnt  where  the  joints  cut  segregations  of  pure  apatite  very  little 
pfTite  is  found.  Quartz  is  seldom  observed  as  a  megaficopic  constituent  of 
the  normal  ilmenite  nelsonite,  and  when  present  ie  usually  confined  to  the 
border  portions  of  the  body.  Biotit«  and  secondary  hornblende  derived 
from  pyroxene  are  Bometimes  present  as  minor  constitnentB. 

HICROSCOFIC  CHABACTER. 

The  microscopic  petrography  of  normal  ilmenite  nelsonite  ie  quite 
simple.  Under  the  microscope  thin  sections  show  a  rock  of  medium-  to 
fine-grained,  even-granular  texture,  composed  of  a  mixture  of  the  essential 
minerals  ilmenite  and  apatite,  together  with  a  few  primary  and  secondary 
minor  accessory  minerals,  some  of  which  are  identifiable  in  the  hand  speci- 
mens. In  most  cases  the  granularity  of  the  rock  is  remarkably  uniform, 
the  size  of  grains  of  the  two  chief  minerals  ranging  from  1  mm.  to  3  mm., 
but  in  some  cases  the  individual  grains  average  less  than  1  mm.  in  size. 
The  two  essential  minerals  are  developed  in  grains  of  approximately  equal 
size  and  of  nearly  equal  dimensions. 

Of  the  two  chief  minerals,  ilmenite  is  usually  in  excess  of  apatite, 
the  ratio  of  the  two  varying  within  rather  wide  limits,  but  in  several  thin 
sections  the  two  minerals  roughly  approximate  nearly  equal  proportions. 
Ilmenite  is  usually  developed  in  formless  grains,  sometimes  shows  partial 
crystal  boundaries,  and  often  exhibits  about  the  borders  some  alteration  to 
nearly  colorless  or  light  gray  leucoxene. 

The  following  analysis  of  ilmenite  separated  from  typical  ilmenite  nel- 
sonite at  the  General  Electric  Company's  mine  shows  the  chemical  com- 
position of  the  mineral : 

Analysin  of  ilmenite  from  nelsonite.  General  Electric  Company's  mine. 
(Wh.  U,  Thobkton,  Jb.,  Analyst.) 

Per  cenl, 

TiO,    54.44 

PeO    40.94 

MnO 0.52 

Fe.O-    4.26 

8iO,    0.34 

Cr.O. 0.07 

V.O.    0.29 

SnO. Trace 

CbiO.   None 

TriO,   None 

HiO    None 

100.86 
Specific  gravity 4.713 
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The  melting  point  of  the  ilmenite  showiDg  the  above  chemical  com- 
position, as  measured  by  the  Bureau  of  Standards,  is  1390°  C. 

Apatite,  the  next  most  abundant  mineral,  of  slightly  bluish-gray  color 
when  fresh,  manifests  a  strong  idiomorpbic  tendency  although  often 
developed  in  nearly  formless  grains  of  rounded  outline.  Some  of  the 
crystals  exhibit  faintly  developed  cleavage,  and  abundant  minute  inclosioDs 
of  an  indeterminate  character  are  sometimes  observed.  In  some  thin 
sections  much  of  the  apatite  shows  more  or  less  alteration  to  the  earthy 
form  oateolite,  the  stage  of  decay  being  so  advanced  in  many  of  the  crystals 
as  to  render  them  entirely  opaque.  Aa  indicated  in  the  analyses  of  the 
rock  on  page  109,  the  mineral  is  the  variety  flour-apatite,  bat  frequently 
traces  of  chlorine  also  occur. 

The  general  tendency  of  the  apatite  to  develop  in  grains  with  crystal 
boundaries  and  its  inclosure  in  part  by  ilmenite  at  times,  suggest  that 
apatite  crystallized  in  some  cases  at  least  in  advance  of  the  ilmenite.  In 
some  thin  sections,  however,  the  relations  of  the  two  minerals  strongly 
indicate  that  they  have  formed  more  nearly  simultaneously,  mutually 
interfering  with  each  other. 

An  analysis  of  apatite  from  one  of  the  segregated  bands  in  neJsonite 
(Spec,  154)  at  the  General  Electric  Company's  mine  gave  the  following 
results : 

Analysis  of  apatite  from  nelsonite,  Oeneral  Electric  Company's  mine. 
(Wm.  M.  Thobntom,  Jb.,  Analysl.) 

Pcroont. 

CaO   54.37 

MgO    0.53 

P.O.   41.30 

F 2.50 

CI    0.10 

SIO,  0.38 

TIO 0.20 

Fe.O.    0.61 

H,0  0.19 

100.13 
Excess  oxygen 1.07 


As  indicated  by  the  analysis  the  mineral  is  the  fluor-apatite  variety, 
containing  a  very  small  amount  of  chlorine,  which  is  in  accord  with  the 
nelsonites  in  general,  as  shown  by  an  examination  of  the  table  of  analvBes 
on  page  147. 

The  Bureau  of  Standards  determined  the  melting  point  of  the  apatite 
represented  by  the  above  analysis  to  be  1645°  C. 

Of  the  minor  minerals  present  in  the  rock  the  sulphides,  pyrite  and 
pyrrhotite,  especially  the  former,  are  probably  the  most  abundant.     In 
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some  specimeoB  sulphides  will  make  up  several  per  cent  of  the  rock  mass. 
The;  are  developed  both  in  formless  grains  and  in  crystals,  and  present 
no  tmnsuBl  characters.  Occasional  shreds  of  brown  biotite  occur.  Colorless 
to  pale  blue-green  hornblende  of  secondary  origin,  probably  derived  from 
pyroxene,  though  no  trace  of  the  latter  mineral  was  observed,  is  sparingly 
developed  as  large  and  small  individuals  in  some  of  the  thin  sections 
studied. 

An  occasional  grain  of  blue  quartz,  containing  needlelike  inclusions 
of  rutile  and  otherwise  similar  to  that  of  the  syenite,  is  noted  in  some  of 
the  thin  sections.  When  observed  megascopically  in  the  rock  the  quartz 
has  been  found  limited  to  the  border  portions  of  the  nelsonite  bodies  close 
to  the  contact  with  the  inclosing  rock.  Sporadic  crystals  of  primary 
titanite  are  found  in  several  thin  sections,  and  graphite  was  identified  in 
at  least  one  section. 

The  secondary  minerals  include  hornblende,  biotite,  leucoxene,  and 
oeteolite. 

CHEUICAL  COHPOSmON  AND  CLASSrFICATION. 

The  chemical  composition  of  ilmenite  nelsonite  is  shown  in  the  four 
analyses  given  below,  made  on  specimens  collected  in  the  vicinity  of  Rose- 
land  and  the  General  Electric  Company's  mine.  Nelson  County,  Virginia. 

Analyses  of  ilmenite  nelsonite  from  Nelson  County,  Virginia. 
(Wm.  M.  Thornton,  Je.,  Analy$i.) 


I 

II 

ra 

IV 

42.84 
6.89 
11.12 
27.93 
8.34 
0.72 
0.18 
0.70 
0.15 
0.58 
0.21 
0.01 
Trace 

41.46 
7.69 
15.69 
23.57 
9.03 
0.60 
0.26 
1.65 
0.63 
0.87 
0.17 
Trace 
Trace 

37.68 
12.48 

2.70 
29.14 
16.05 

0.50 
Trace 

■'6:63 

"i'M 

Trace 

Trace 

1.17 

?^\v^y//^'^v^y.'.'.'.'.'.'.'.'.'. 

26.52 

MeO  

1.11 

mIo  :::::;::::::::::::::::::: 

810,    

H,0+ 

p    .  :::;:::;:::::;::;:::::: 

0.98 

CO, 

99.67 

.09 

101.22 
.07 

100.78 
.72 

102.41 

Sneciflc  gravity 

99.58 


101.15 

100.06 

101.62 
4.073 

I.    IliDenit«  DcUonlte  dike  on  SbeltoD  farm  about  1  mile  northwest  of  Boseland. 
II.    Ilmenite  nelsonite  dike  <m  Hight  place  about  1.76  miles  west  of  north  from 

RoBeland.      (Bee  PI.  XIV.) 
in.    Ilmenite  nelionite  from  ore  dump  At  General  Electric  Co.'s  mine,  I.TG  miles 
northwest  of  Rose's  Mill.    Probably  taken  from  No.  1  vein  in  tbe  adit  level. 
17.     Ilmenite  nelsonite  from  ore  dump  at  General  Electric  Co. 'a  mine,   1.75  miles 
DOrthweat  of  Rose's  Mill. 
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s  corresponding  to  anaiyses  of  Umenite  nelsotUte  on  page  109. 


1       ^ 

n 

in 

rv 

1.65 

Hyperstbene   

-.1         I.IO 

OlMne  

1.26 

Hematite  

..[        11.04 

15.38 

2.72 

4.32 

Xlmenite 

.J       58.98 

49.86 

60.65 

52.46 

Batile 

..\        11.76 

15.20 

5.76 

9.36 

Apatite  

..,       16.13 

17.18 

29.57 

30.91 

Pyrite 

2.18 

2.76 

Water 

..|            .73 

1.40 

.03 

.68 

!        99.74 

Less  excess  CaO 

.39 

100.52 

In  accordance  with  the  older  nomenclature  the  name  ilmenite  nelsonite 
has  been  given  the  general  type  of  dike  rock  represented  by  the  fonr 
analyses  above,  occurring  in  the  Nelson  founly  area,  composed  of  a  granular 
mixture  of  ilmenite  and  apatite  as  the  dominant  minerals.  The  norms 
calculated  from  the  four  analyses  are  given  in  tabular  form  above.  The 
position  of  the  rocks  in  tiie  quantitative  system  of  classification  may  be 
expressed  as  follows : 


No. 


Symbol 


Name 


rv. 


',  V.j,^  5.  4(5).  2.  5. 

I  V.J,'  5.  4.  2(3).  5. 

I  V.jj  5.  S.  (2)3.  5. 

i  V.j,^  5.  5.   12)3.  5. 


(name  propmed) 


Rocke  of  this  type  have  not  been  described  from  any  other  locality  and 
no  analyses  are  known.  They  form  a  new  type  among  known  igneoiu 
rocks  and,  since  III  and  IV  are  considered  to  be  the  most  representative 
of  the  type,  the  name  nelsonose  for  the  county  in  which  the  rock  was  fint 
found  is  proposed  as  an  appropriate  subrang  name  for  the  rock. 

The  position  of  the  rock   (III  and  IV)   in  the  new  system  may  be 
8  follows: 
Symbol:    V.jj  5.    virglnare. 

V.jl5.  5.    virginore. 

V.ji,  5.  5,  3.    nelaonase. 

V,ii_5.  5.  3.  5.    nelsonose  (subrans) 
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Description  of  some  of  the  typical  occurrences  of  ilmenite  nelaonite 
and  those  showing  slight  variation  from  the  norma]  rock  are  given  below. 

About  half  a  mile  southwest  of  Rose  Union  a  nelsonite  dike  (Spec,  107) 
is  exposed  bj  several  cuts  and  may  be  traced  by  loose  fragments  on  the 
sm^ace  for  a  distance  of  400  yards  in  a  direction  S.  75°  W.  This  dike 
is  directly  in  alignment  with  the  long,  rntile-bearing  dike  on  the  property 
of  the  General  Electric  Company  (page  176)  and  may  represent  a  contin- 
uation of  that  ore-body.  The  rock  is  composed  of  about  80  per  cent  ilmenite 
with  disseminated  grains  of  apatite  ranging  from  0.5  to  1  mm.  in  diameter. 
Microscopically,  the  rock  is  even-granular  in  texture,  and  composed  (rf  the 
following  minerals  named  in  order  of  abundance:  Ilmenite  largely  in 
excess  with  apatite  as  the  essential  minerals,  and  titanite  as  a  minor  acces- 
sory. Several  small  sphemlites  are  observed  formed  along  the  contact 
between  apatite  and  ilmenite,  which  suggest  probable  secondary  forma- 
tion. The  mineral  composing  the  spherulites  could  not  be  identified  with 
the  microscope,  and  it  is  ^oo  scarce  to  permit  of  separating  from  the  other 
minerals  for  a  chemical  determination.  Its  birefringence  is  a  little  above 
that  of  quartz,  has  parallel  extinction  (orthorhombic),  and  is  probably 
optically  positive  {+).  The  direction  of  slowest  vibration  (Z)  is  coinci- 
dent with  the  long  direction  of  the  fibres. 

In  the  bluff  along  the  south  side  of  Piney  River,  600  yards  south  of 
the  General  Electric  Company's  mine,  is  a  large  outcrop  of  coarsely 
crystalline  ilmenite  (Spec.  123)  from  which  the  small  amount  of  apatite 
originally  present  has  been  completely  removed  by  solution. 

A  large  dike  of  nelsonite  (Specs.  40  and  41)  outcrops  about  half  a 
mile  southeast  of  Jonesboro  and  may  be  traced  for  about  600  yards  in  a 
direction  N,  13°  W,  The  amount  of  ilmenite  varies  in  different  portions 
of  the  dike  from  60  to  perhaps  90  per  cent.  The  apatite  occurs  evenly  dis- 
seminated in  slightly  elongated  grains  about  1  mm.  in  diameter.  A  second 
dike  approximately  parallel  to  this  one  outcrops  300  yards  to  the  west.  A 
thin  section  of  the  rock  (Spec.  40),  under  the  microscope,  shows  a  granular 
mixture  of  ilmenite  and  apatite,  in  which  ilmenite  greatly  predominates. 
The  apatite  shows  in  some  cases  partial  crystal  boundaries,  and  is  much 
altered  at  times  to  the  earthy  form  osteolite.  Slight  alteration  of  ilmenite 
to  leucoxene  is  observed  in  parts  of  the  thin  section. 

About  three-quarters  of  a  mile  northeast  of  Jonesboro  a  nelsonite  dike 
(Spec.  49),  traced  for  nearly  400  yards  and  having  a  strike  nearly  north 
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and  south,  is  exposed  by  five  small  pits.  The  rock  is  greatly  altered  from 
weathering,  but  appears  to  be  a  typical  nelsonite  with  perhaps  a  little 
more  apatite  than  is  usual.  In  places  the  dike  contains  inclusions  of  fine- 
grained chlorite  one  to  two  inches  across.  Microscopic  study  of  a  thin 
section  of  the  rock  shows  a  granular  mixture  of  ilmenite  and  apatite  with 
some  feldspar  and  biotite.  All  the  minerals  show  alteration.  Ilmenite  is 
fractured  and  partly  altered  to  leucoxene.  Apatite  contains  abundant 
inclusions  of  an  indeterminate  character  and,  in  places,  is  altered  to  earthy 
osteolite  discolored  a  reddish-brown  from  liberated  iron  oxide.  The 
feldspar  is  andesine,  Ab^c^n^o,  as  shown  by  extinctions  measured  on  the 
rhombic  section.  There  is  some  intergrown  microcline  in  spindles,  which 
are  oriented  parallel  to  the  two  twinning  planes  (001)  and  (010).  It  is 
noteworthy  that  the  feldspar  is  identical  with  that  in  the  syenite,  gabbro, 
and  gabbro-nelsonite. 

Another  dike  (Spec.  50)  outcrops  about  100  yards  farther  east  with  a 
strike  of  N,  86°  E.,  and  could  be  traced  for  about  200  yards.  It  has  been 
opened  in  two  places  by  small  surface  pits.  The  rock  is  slightly  finer 
grained  than  the  normal  nelsonite  and  the  grains  of  apatite  are  not  as 
well  formed  as  in  most  places.  Some  of  them  contain  inclusions  of  ilmenite. 
Microscopically,  the  rock  is  a  fine-granular  mixture  of  ilmenite  and  apatite 
in  nearly  equal  proportion.  Apatite  in  large  and  small  irregularly  rounded 
and  angular  grains  is  chiefly  inclosed  in  the  ilmenite,  and  is  much  altered. 
In  some  areas  the  ilmenite  is  threaded  through  the  apatite  in  such  fashion 
as  to  suggest  an  intergrowth  of  the  two  minerals.  Ilmenite  shows  some 
alteration  to  leucoxene. 

About  a  quarter  of  a  mile  northeast  of  Bryant  a  50-foot  shaft  was  sunk 
some  years  ago  on  a  large  nelsonite  dike  (Spec.  66)  having  a  atrike  of 
N,  55°  E,  The  dike  is  exposed  by  many  surface  cuts  and  may  be  traced  for 
a  distance  of  nearly  700  yards.  The  width  ia  uncertain,  as  the  pits  had 
partly  caved  at  the  time  of  visit  by  the  writers,  bnt  it  is  probably  not 
less  than  20  feet  in  some  places.  The  rock  is  even-granular  in  texture  and 
contains  about  60  per  cent  of  ilmenite.  All  exposures  of  the  rock  are 
badly  weathered.  Under  the  microscope  a  thin  section  of  the  rock  shows 
a  granular  mixture  of  ilmenite  and  apatite  with  the  former  in  excess. 
Apatite  is  inclosed  by  the  ilmenite,  the  former  sometimes  displaying  partiol 
crystal  outline,  is  partly  altered  to  osteolite,  and  shows  cleavage  and  th^ 
usual  inclusions,  Ilmenite  is  very  fresh.  There  occurs  quite  a  sprinkling 
of  an  indeterminate  mineral  having  high  double  refraction  and  high  index 
of  refraction  with  parallel  extinction,  and  is  more  or  less  discolored  from 
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iron  oxide  stain.  It  occurs  as  irregular  grains  between  individuals  of 
apatile  and  similarly  of  ilmenite,  and  between  apatite  and  ilmenite 
individuals.    Plate  XIII,  fig.  1,  is  a  photoraicrc^aph  of  the  thin  section. 

On  the  opposite  side  of  the  road,  200  to  300  yards  therefrom,  a  number 
of  pits  were  sunk  in  prospecting  for  nelsonite,  but  at  the  present  time  they 
are  largely  refilled  and  little  is  to  be  seen.  On  the  top  of  nearly  every 
ridge  a  little  nelsonite  float  and  traces  of  old  pits  may  be  found.  They 
fall  into  approximate  alignment  in  a  northeast- southwest  direction  for  a 
distance  of  more  than  a  mile,  but  it  is  doubtful  if  the  dike  is  continuous 
for  such  a  distance.  Float  (Spec.  66)  from  one  of  the  old  pits  300  yards 
north  of  Bryant  is  composed  of  an  even-granular  mixture  of  ilmenite  and 
apatite  with  lenticular  inclusions  or  segregations  of  decomposed  gray, 
talcoee  material.  The  lenses  range  up  to  5  cm.  in  length  and  probably 
represent  segregations  of  a  silicate  mineral,  for  some  of  them  contain 
included  grains  of  apatite.  The  float  at  most  of  the  old  pits  contains 
more  or  less  biotite  and  secondary  chlorite.  Under  the  microscope  a  thin 
section  of  the  rock  (Spec.  66)  shows  a  flne-grained  aggregate  of  biotite 
shreds  largely  altered  to  chlorite.  Much  ilmenite  extensively  altered  to 
leneoiene  is  inclosed  by  the  biotite,  and  many  crystals  of  primary  titanite 
occur. 

Three  dikes  cross  the  road  one  mile  northeast  of  Bryant.  Tliey  are 
spaced  about  34  yards  apart,  have  a  width  of  about  10  feet,  and  strike 
N.  75°  W.  The  rock  {Spec.  76)  is  much  weathered  but  appears  to  be  a 
normal  ilmenite  nelsonite.  A  thin  section  studied  under  the  microscope 
shows  a  typical  ilmenite  nelsonite  of  normal  granularity,  and  composed  of 
nearly  equal  amounts  of  ilmenite  and  apatite.  The  only  other  constituents 
present  are  the  alteration  products  osteolite  and  yellow  iron  oxide  stain. 
Both  ilmenite  and  apatite  are  developed  in  formless  grains  and  each  con- 
tains inclosures  of  the  other  mineral,  indicating  approximately  simultaneous 
crystallization  of  the  two  constituents.  The  .literal ion  of  ap.itite  to 
osteolite,  a  very  light  gray,  nearly  white,  opaque  eartliy  substance,  is 
beautifully  shown,  with  all  stages  in  the  alteration  readily  traceable.  JIany 
of  the  apatite  grains  are  almost  completely  altered  to  osteolite. 

On  the  northwest  side  of  the  road  about  1.85  miles  northeast  of  Bryant 
and  near  the  north  end  of  the  syenite  a  nelsonite  dike  {Spec.  80)  is  exposed 
by  an  old  cut.  The  dike  is  15  to  20  feet  or  more  in  width  and  has  a 
strike  of  N.  70°-80°  E,     It  is  an  ilmenite  nelsonite  conuining  consider- 
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able  biotite,  and  in  portions  of  the  dike  enough  biotite  is  present  to 
classify  the  rock  as  biotite  nelsonite.  The  rock  probably  contains  some 
magnetite  also,  for  it  repels  and  attracts  the  magnetic  needle. 

In  the  outside  gneiss  400  yards  west  of  the  last  dike  (Spec.  80),  a 
large  body  of  nelsonite  is  exposed  by  a  surface  cut.  The  strike  and  width 
could  not  be  determined.  It  (Spec.  79)  is  a  fine-grained  dark  gray  rode 
composed  of  apatite  grains  0.5  to  1  mm.  in  diameter,  fine-granular  ilmenite, 
and  a  little  chlorite.  The  rock  ie  slightly  foliated  in  structure.  Uicro- 
scopically  a  thin  section  shows  a  finer  grained  rock  in  texture  than  normal 
nelsonite.  It  is  composed  of  ilmenite  and  apatite  in  nearly  equal  amonat 
with  much  nearly  colorless  hornblende  present.  The  ilmenite  is  altered 
along  cracks  which  has  resulted  in  the  liberation  of  much  yellow  iron  oxide 
stain,  incloses  apatite,  and  in  several  instances  is  intergrown  both  with 
apatit«  and  hornblende.  The  apatite  is  considerably  altered  but  other- 
wise exhibits  no  unusual  features.  The  hornblende  appears  to  be  secondary 
derived  probably  from  pyroxene  although  no  trace  of  the  original  mineral 
is  indicated. 

On  the  Camden  farm  about  1.75  miles  northeast  of  Bryant,  and  in  the 
outside  gneiss  half  a  mile  or  more  from  the  syenite,  a  nelsonite  dike  4  feet 
wide  is  reported  to  have  been  cut  by  a  tunnel  800  yards  in  lenp^h.  When 
visited  in  1909  the  tunnel  had  caved  and  only  a  few  pieces  of  nelsonite 
(Spec.  81)  could  be  found  on  the  dump.  These  were  composed  of  an 
even-granular  mixture  of  apatite,  ilmenite,  a  little  magnetite,  and  chlorite. 
A  small  Sake  of  graphite  was  identified  in  one  piece  of  the  rock. 

Specimen  214,  represented  by  the  analysis  in  column  I  on  page  IW. 
is  from  a  large  body  of  nelsonite  exposed  in  the  bluffs  bordering  the  low- 
lands along  the  west  aide  of  Tye  Biver,  one  mile  northwest  of  RoselanJ. 
A  small  cut  was  made  in  the  outcrop  to  expose  the  dike  which  appears 
to  have  a  nearly  north-south  strike.  This  is  probabuy  the  widest  nelsonite 
dike  in  the  district,  as  it  is  65  feet  or  more  across.  The  rock  is  an  even- 
granular  mixture  of  ilmenite  and  apatite,  partly  altered  from  weathering. 

On  the  opposite  side  of  the  river  a  large  lenticular  body  of  ilmenite 
nelsonite  has  been  exploited  by  a  series  of  email  shafts,  surface  pita,  and 
drill  holes.  As  shown  by  the  map  of  the  outcrop,  Qg.  6,  the  ore-body  is 
very  irregular  in  outline.  The  rock  is  a  typical  ilmenite  nelsonite  and  when 
fresh  contains  some  pyrite  that  is  partly  secondary.     The  photograph  of 
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a  drill  core  from  one  of  the  borings  showing  the  contact  between  nelBonite 
and  syenite  is  reproduced  as  fig.  6. 


Fig.  6. — Drill  core  from  one  of  the  borings  in  neUoaite  on  the  Gilea  fBnn  1  mile 
northwest  of  Roseland,  showing  contact  between  nelsonite  and  Bfenite.  (Loaned 
by  courUsf  of  W.  M.  Slater.) 

About  300  yards  to  the  northeast  a  second  dike  (Spec.  211)  is  exposed 
by  a  surface  cut  along  the  direction  of  strike.     The  character  of  this 
dike  is  shown  in  PL  XIV,  a  photograph  taken  in  the  face  of  the  cut.    The 
nelsonite  body  is  8  feet  wide  at  the  surface  but  becomes  narrower  near  the 
bottom  of  the  opening.    The  upper  portion  is  displaced  several  feet  to  the 
left  by  a  small  fault  that  crosses  the  dike  just  back  of  the  hammer.    The 
dike  may  be  traced  by  exposures  and  loose  surface  fragments  for  a  distance 
of  nearly  400  yards  along  a  direction  N.  57° 
contain  a  little  more  apatite  than  the  average  il 
grains  are  somewhat  larger  in  size  and  less  reg 
the  rock  are  filled  with  manganese  oxide  in  tl 
scopically  a  thin  section  of  the  rock  shows  the  p 
and  apatite  in  the  order  of  abundance  named,  t 
which  is  considerably  altered  and   in   part  ma 
Ilmenite  and  apatite  exhibit  their  usual  characte 

A  small  dike  of  fine-grained  nelsonite  (Spec 
near  Hat  Creek,  half  a  mile  northeast  of  Joqm 
2-3  feet  and  a  strike  of  N.  51°  E.,  but  couM  b( 
only  40  feet.  Portions  of  the  rock  are  ao  fine-( 
is  impossible  to  identify  individual  minerals  by 
other  portions  ilmenite  and  apatite  may  be  d 
microscope  a  thin  section  of  the  rock  (Spec.  4 
mixture  of  ilmenite  and  apatit«  in  nearly  eqnt 
altered.     Apatite  contains  inclusions  of  dark  to 
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mdeteTminate  character,  and  ciystalB  of  strong  double  refraction  and  high 
index  of  TefractioD,  which  Tesemble  zircon.  Some  biotite  occurs  in  each 
relations  as  to  suggest  secondary  origin  in  part.  Several  zircon  ( P)  crystals 
occur  in  the  large  biotite  area  of  the  slide.  Much  leucoxene  is  noted  ae  an 
alteration  product  from  ilmeuite. 

Kntile  ITelionite. 

NAME  AND  DISTBIBCnON. 

Rutile  nelsonite  is  the  name  given  to  that  facies  of  the  rock  nelsonite 
in  which  the  mineral  rutile  enters  as  an  important  constituent.  The  rutile- 
bearing  dikes  show  all  gradations  in  the  ratio  of  rutile  and  ibnenite,  from 
a  granular  mixture  composed  of  dominant  rutile  and  apatite  with  little 
or  no  itmenite  to  one  (ilmenite  nelsonite)  composed  of  ilmeuite  and  apatite 
with  or  without  subordinate  rutile.  Gradations  between  these  two  extremes 
are  observed  in  the  same  dike.  The  rock  with  dominant  rutile  and  apatite 
in  a  given  position  in  the  dike  may  gradually  pass  vertically  or  laterally 
into  a  phase  of  the  rock  composed  essentially  of  ilmenite  and  apatite. 

The  distribution  of  rutile  nelsonite  is  entirely  limited  to  the  large 
syenite  area,  and  is  a  much  more  restricted  type  than  the  normal  rock, 
ilmenite  nelsonite.  Dikes  of  rutile  nelsonite  are  found  at  several  places 
southwest  of  Bose  Union  on  the  Warwick  tract  and  Bourne  farm  within 
1,000  yards  of  the  syenite  border,  and  on  the  Giles  tract  half  a  mile  north- 
west of  Boseland,  the  latter  being  the  only  known  occurrence  of  nelsonite 
in  the  central  portion  of  the  syenite  area. 

HEOASCOPIO  OHABACTEB. 

In  general  character,  including  texture,  physical  appearance  and  mode 
of  occurrence,  rutile  nelsonite  ts  closely  similar  to  that  of  ilmenite  nelsonite. 
It  is  a  dark-colored  rock  of  even-granular  texture,  the  individual  grains 
of  which  average  about  2  cm.  in  diameter.  It  is  composed  essentially  of 
rutile  and  apatite  with  ilmenite  absent  or  only  sparingly  present,  but  by 
increase  of  ilmenite  and  decrease  of  rutile  the  rock  passes  inte  the  normal 
nelsonite. 

Rutile  nelsonite  is  more  variable  in  composition  and  the  minerals, 
especially  apatite,  show  a  tendency  to  segregate  out  in  the  form  of  parallel 
lenses  or  bands  giving  the  rock  an  appearance  of  imperfect  banding.  This 
variation  does  not  occur  suddenly  but  takes  place  as  a  gradation,  and  the 
size  of  the  individual  apatite  grains  remains  uniformly  the  same,  1  to  2 
mm.  in  diameter,  even  in  the  largest  lenses  of  practically  pure  apatite. 


sdbyGoO^lc 


118  GEOLOGY  OP   THE   TITANHTH    AKD  APATITE    DEPOSITS. 

At  the  OeDeral  Electric  Company'a  mine,  near  Rose's  Mill  od  Piney 
Siver,  masses  of  coarse  rutile  occur  practically  free  from  impnritieB  other 
tlian  Bulphidea,  but  they  do  not  seem  to  be  as  numerous  as  the  apatite 
segregations.  By  increase  of  apatite  they  grade  into  the  evea-graaular 
nelsonite. 

Some  blue  quartz  of  the  same  character  as  that  of  the  syenite  is  present 
in  most  of  the  nitile  nelaonite  on  the  Warwick  tract,  where  is  opened 
the  General  Electric  Company's  mine.  The  quartz  is  found  concentrated 
in  largest  quantity  along  the  contact  with  syenite,  or  where  there  are 
included  masses  of  the  latter  in  the  nelsonite.  Along  such  contacts  very 
small  shreds  of  light  brown  biotite  can  usually  be  distinguished. 

Small  bodies  of  rutile  nelsonite  occur  that  have  no  definite  walls  but 
grade  into  the  inclosing  syenite,  and  have  the  appearance  of  segregations 
rather  than  of  true  dikes.  This  was  not  observed  in  any  of  tlie  ilmenite 
nelsonites. 

Plate  XV  is  a  polished  specimen  of  rutile  nelsonite,  natural  size,  which 
exhibits  imperfect  banding  due  to  partial  segregation  of  rutile  and  apatite. 
Masses  of  nearly  pure  rutile  grade  into  bands  of  nelsonite  in  whicli  apatite 
predominates.  (See  Pis.  XXX  and  XXXI.)  Apatite  apparently  crj'stal- 
lized  first,  and  in  places  very  fine  veinlets  of  rutile  penetrate  ihe  apatiti' 
grains. 

MICROSCOPIC   CHAfiACTEB. 

Thin  sections  cut  from  rock  specimens  collected  from  the  different 
dikes  in  the  district,  show  an  even-granular  mixturb  of  the  dominant 
minerals  rutile  and  apatite  with  variant  ilmenite,  whicli  may  fail  entirely 
in  some  sections.  Either  rutile  or  apatite  may  predominate  in  a  given 
thin  section  and  in  some  the  two  minerals  may  be  present  in  approximately 
equal  amount.  The  accessory  minerals  are  ilmenite,  pyrite,  and  in  several 
thin  sections,  quartz  and  feldspar.  Leucoxene  and  the  earthy  form  of 
apatite,  osteolite,  are  nearly  constant  secondary  minerals;  the  leucoiene 
being  derived  from  rutile  and  from  ilmenite  when  present,  and  the  osteolite 
from  apatite.  When  present  feldspar  shows  partial  alteration  to  colorless 
mica.  The  principal  minerals  rutile  and  apatite,  and  ilmenite  when  present, 
usually  occur  in  formless  grains,  although  apatite  frequently  manifests  a 
tendency  toward  crystal  outline.  The  relations  of  the  minerals  are  such 
as  to  sugjrest  simultaneous  crystallization,  the  individuals  mutually  inter- 
fering with  each  other  at  the  time  of  formation,  resulting  in  irregular 
interlocking  boundaries  rather  than  outward  crystal  form. 
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Polisliad  spi'ciiiieii  of  rutile  nelsonit^,  iihnwing  parallel  (banded)  segregations  of 
TUtik  and  apatite,  (ieneral  Ele<'tric  Company's  mine.  Nelson  County.  The  dark 
bands  are  rutile:  the  light  ones  are  apatite.  (Collected  by  Frank  L.  Hess. 
Pholographed  hy  V.  S.  Geol.  Survey.) 

BANDED  BUTILE  NELSONITE. 
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PLATE  XVI. 


•^.   I   luiil  2. — Rutik     (dsrk     areai 
iliiirri^H  Ml    Rriselnnii,   ahowinfc 


)  in  ttypnitc.  Am^rieun  But  He  Cnnipany's 
ilteratioii  riiiiH  of  kiicuxeiir.  Nicols  cri>M~»l. 
ns  Xoit.  -tS-AW  sml  43-B\V.     Sec  ul-«   I'l.   l.\. 


Fig.  3. — Rutile  nrlsonitp,  Gmeral  Eledric  Company's  mine.  Littlit  i 
nieitiuni  dark  gray  area  rutile:  black  uresH  ilmenite.  Single  ni< 
30  diameters. 
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Butile,  in  anhedral  form,  is  dark  yullowish  to  reddish-brown,  often 
displaying  distinct  but  variable  pleochroiem,  usually  shows  both  cleavage 
and  twinning,  and  is  remarkably  free  from  inclusions.  The  absorption  is 
E  >  0.  Rutile  is  partly  altered  peripherally  and  along  fractures  to 
leucoxene.  Small  granules  of  mtile  are  occasionally  noted  inclosed  in  the 
apatite.     (See  PI.  XVI,  figs.  3  and  4.) 

A  specimen  of  rutile,  isolated  and  cleansed,  from  rutile  nelsonite  at  the 
General  Electric  Company's  mine  yielded  the  following  results  on  analysis : 

AntUysis  of  rulile  from  rulile  nelsonite.  General  Electric  Company's  mine. 
(Wm.  M.  TnoBNTON,  Jb.,  Analyst.) 

'  Percent. 

T!0 98.80 

PeO    1.68 

SiO,    0.26 

V,0 0.20 

Cr.O,    0.07 

SnO.    None 

Cb,0 None 

TasO None 

101.01 
Specific  grsTtty 4.21 

The  chief  interest  which  attaches  to  the  composition  of  the  nelsonite 
mtile,  shown  in  the  analysis  above,  as  well  as  that  of  the  syenite  mtile 
(page  194),  is  the  presence  of  vanadium  and  chromium  in  very  small  but 
determinable  amounts.  A  determination  of  the  melting  point  of  the  rutile 
represented  by  the  analysis  above,  made  by  the  Bureau  of  Standards,  gave 
1700°  C. 

Apatite  exhibits  the  usual  optical  properties.     When   fresh  and  free 
from  inclusions  it  is  fairly  clear  and  of  a  faint  bluish-white  color,  without 
visible  pleochroism.     It   usually   occurs   in   somewhat   rounded   or   oval- 
shaped  grains,  with  frequent  indications  of  crystal  boundaries  noted.     In 
many  of  the  grains  traces  of  cleavage  are  sliown.    Unlike  rutile  the  apatite 
is  usually  characterized  by  an  abundance  and  variety  of  inclusions  often- 
times of  an  indeterminate  nature.    These  are  partly  dark,  dustlike  particles 
and  partly   crystallites,   some   of   which    have   been   identified   as   rutile, 
-i*^'nite,  and  apatite.     The  inclusions  not  infrequently  show  orientation 
jg  a  cleavage  direction.    In  many  grains  the  apatite  substance  is  partly 
jcured  by  irregular  areas  and  patches  of  an  opaque  earthy  product  of 
»rk  gray  color  which  has  been  identified  as  osteolite.     Alteration  is  like- 
rise  noticeable  to  some  degree  along  cleavage  directions  and  fractures. 
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The  compoBitioD  of  the  apatite  is  shown  in  a  chemical  analysis  of  the 
mineral  from  one  of  the  segregated  bands  in  the  nelsonite  at  the  General 
Electric  Company's  mine  on  page  108. 

Quartz  and  feldspar  of  the  same  character  as  that  of  the  inclosing 
syenite  were  noted  in  several  thin  sections.  The  quartz  shows  optical 
disturbance  and  contains  abundant  rutile  needles.  Feldspar  is  partly 
altered  to  colorless  mica.  Pyrite  is  formed  between  individual  grains  of 
rutile  and  apatite  and  to  some  extent  in  fractures.  The  relations  suggest 
a  secondary  origin  for  at  least  a  part  of  the  pyrite. 

CHEMICAL    COMPOSmON    AND    OLABBIFIOATION. 

The  chemical  composition  of  rutile  nelsonite  is  shown  in  the  two 
analyses  below  of  specimens  collected  from  the  General  Electric  Company's 
mine  near  Rose's  Mill,  on  Piney  Biver,  and  the  Giles  tract  near  Roseland, 
in  Nelson  County. 


Analyses  of  rutUe  nelsorUte  from  Nelson  Oounty,  Virginia. 


I 

n 

69.67 
2.87 
5.04 
0.15 

12.16 
9.41 
0.09 
0.11 
0.67 

'i).34 

0.70 

Trace 

Pe,0.     

365 

c^ :;:;:;:;:;;::::::;::::;::;:;::;:;:;;;; 

Mno :::"::::'':": 

p 

034 

0 

101.21 
0.39 

100.74 

specific 

100.82 
3.76 

100.20 

I.     Rutile  nelsonite  taken  from  ore-dump  of  adit  level,  General  Electric  Co.'s  mine. 
Nelson  County,  Virginia. 
II.    Rutile  DclBonite  taken  from  dike  on  Giles  tract  near  Roaeland,  Nelaon  Couotr, 
Virginia- 
Specimen  (215)  represented  by  the  analysis  in  column  I  was  collected 
from  the  dump  of  the  General  Electric  Company's  mine.     The  rock  is  a 


3dbvGoOg[e 


BOTILE  NELaONITE.  I'U 

?erj  dark,  eveD-granular  mixture  of  essentially  nitile  and  apatite  through 
which  is  distributed  a  goodly  amount  of  pyrite.  Microscopically  it  is 
composed  of  rutile  and  apatite  with  some  ilmenite  and  titanite  and  much 
pyrite.  The  usual  decomposition  products  are  noted.  All  the  minerals 
show  their  usual  characteristics  as  described  on  page  118. 

The  analysis  in  column  II  is  of  a  specimen  (29)  collected  from  a 
nitile  nelsonite  dike  4.5  feet  thick  exposed  by  a  prospect  pit  on  the  Giles" 
tract  near  Roseland.  The  strike  is  S.  56°  W.,  and  the  dip  about  66" 
towards  the  southeast.  Another  opening  was  made  about  100  feet  south  on 
what  appears  to  be  a  second  dike.  The  float  indicates  a  strike  of  approxi- 
mately S.  17°  W.  The  rock  is  composed  of  rutile  and  apatite  grains 
averaging  1  mm.  in  diameter,  and  blue  quartz.  The  blue  quartz  is 
probably  primary,  but  a  small  veinlet  of  white  quartz  1  to  7  mm.  wide  was 
noted  cutting  the  nelsonite.  The  weathered  rock  ia  dark  copper,  bronze 
in  color  and  pitted  by  the  removal  of  apatite. 

Microscopically  the  rock  is  composed  of  rntile  and  apatite  as  the 
principal  minerals,  together  with  accessory  ilmenite,  feldspar,  and  quartz. 
Secondary  minerals  are  leucoxene  derived  from  rutile  and  ilmenite,  colorless 
mica  in  email  shreds  and  scales  from  feldspar,  and  osteobte  from  apatite. 
The  quartz  contains  abundant  nitile  needles  and  shows  optical  disturbance 
and  partial  granulation. 

Norms  of  miile  nelsonite  corresponding  to  analyses  on  page  i'2i1. 


I 

II 

0.42 
0.40 

'2.88 
9.73 

64.56 
22.18 
0.62 
0.20 

Pyrite   

vffi. :;:::;;:::::::;::::::::::;::;::::::: 

100.99 

100.36 

"A  polished  section  of  a  specimen  colletled  by  Frank  L.  Hess  from  a  rutile 
nelsonite  body  on  the  Giles  traet,  is  very  interesting  in  showing  (1)  a  vein  of 
colorleaa,  tranaparent,  glassy  and  milky  quartz,  1.25  inches  wide,  on  one  side  of 
(2)  massive  rutile  inclosing  an  area,  3  inches  long  by  0.60  to  0.76  ineli  across,  of 
typical  rutile  nelsonite.  The  line  of  contact  between  the  quartz  and  nitile  is 
perfectly  sharp,  probably  indicating  that  the  quartz  is  later  than  the  nitile.  The 
rutile  is  interlaced  by  innumerable  tiny  threadlike  fractures,  along  which  alteration 
to  a  white  to  gray  substance,  probably  leueoxene.  has  progressed.  Larger  areas  and 
stringers  of  the  same  substance  are  abundant.  A  fair  sprinkling  of  pyrite,  which  ia 
probably  aecondary,  occurs  with  the  rutile. 
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The  rock  represented  by  the  above  analyses  and  the  norms  cslcolated 
therefrom  is  a  new  type.  It  is  a  Tariety  of  the  general  type  nelsonite,  in 
which  rutile  is  a  dominant  mineral,  and  in  conformity  with  the  older 
scheme  of  classification  the  name  rutile  nelsonite  has  been  given  it.  The 
position  of  the  rock  in  the  quantitative  system  of  classification  may  be 
expressed  as  follows: 


No. 

Symbol 

Name 

I. 
II. 

V.„     5.5.4.5. 
V.(i      5.  5.  {1)2.  5. 

Virglnose 

The  position  in  the  new  system  represented  by  these  symbols  is  un- 
occupied, and  for  No.  I  which  is  regarded  as  the  most  representative  the 
subrang  name  virgtnose  is  proposed.  Its  position  in  tlie  new  system  is 
fixed  as  follows : 

Symbol:     V.jj  5.     virginarc. 

V.[j  5.  5.    virglnore. 
V.ji  5.  5.  4.    virginase. 
V.ji  5.  5.  4.  5.    virglnose. 

No.  II  has  a  slightly  different  position  in  the  scheme  from  No.  I,  hut. 
since  it  occupies  in  part  a  border  position  and  is  essentially  the  same  rock, 
it  is  believed  a  new  name  is  unwarranted. 

OTHER    LOCALITIES. 

On  the  Bourne  farm,  600  yards  northeast  of  tlie  General  Electric  Coiii- 
pany's  sliaft  and  approxiniatciy  in  line  with  tlie  strike  of  tlie  longer  <Iike 
on  the  latter  property,  two  Irenclics  hiive  l>een  cut  exposing  several  narrow 
stringers  of  rutile  nelsonite  (Spec.  114).  Thi'se  stringers  range  from  less 
than  an  inch  to  two  feet  in  width.  They  are  even-granular  in  texture, 
and  have  the  appearance  of  segregations  rather  than  of  intrusivee,  as  they 
grade  into  the  inclosing  syenite  and  do  not  exhibit  sharply  defined  contacts. 
The  syenite  is  composed  of  feldspar  and  a  little  blue  quartz  with  occasional 
grains  of  rutile  which,  near  the  nelsonite,  are  arranged  in  broken  lines 
parallel  to  the  stringers.  A  little  itmenite  nelsonite  float  is  found  on 
the  surface  intermingled  with  pieces  of  rutile  nelsonite.  Thin  sections 
cut  from  specimens  of  the  rutile  nelsonite  show  under  the  microscope  the 
same  minerals  with  similar  characters  and  relations  as  the  rock  occurring 
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to  the  southwest  on  the  General  Electric  Company'e  property,  described  on 
pages  184-191. 

An  old  pit,  600  yards  southwest  of  Rose  Union,  exposes  a  dike  of 
ilmenite  netsonite  (Spec.  106)  which  can  be  traced  by  float  in  a  direction 
S.  60°  W,  Along  this  line  of  strike  pieces  of  rutile  nelsonite  were  found 
in  several  places.  One  specimen  showed  irregular  lenses  or  bands  of  rutile 
1  to  2  cm.  wide  siniilar  to  the  occurrences  in  the  General  Electric  Company's 
mine  described  on  page  184, 

Ha^etite  and  Biotite  Nelsonites. 

NAME  AND  DISTKIBOTION. 

The  names  magnetite  nelaonite  and  biotite  nelsonitf  are  given  to  those 
varieties  of  nelsonite  which  show  special  richness  in  these  two  minerals. 
They  grade  into  each  other  and  for  this  reason  are  treated  together  under 
the  same  head.  In  most  occurrences  the  two  minerals,  magnetite  and 
biotite,  are  intimately  associated,  but  in  unequal  and  variable  amounts; 
when  magnetite  is  dominant  biotite  may  vary  from  an  abundant  to  a  very 
minor  accessory,  and  a  similar  variation  in  magnetite  may  take  place  when 
biotite  is  the  dominant  mineral. 

Magnetite  and  biotite  nelsonites  do  not  occur  within  the  syenite  area, 
but  are  found  in  the  outside  gneiss  both  in  the  Lovingaton  district  end  in 
the  Hat  Creek  section  of  the  Roseland  district.  In  the  Hat  Creek  section 
they  are  found  at  many  places  along  the  slopes  of  the  range  forming  the 
northwest  side  of  the  valley,  and  extend  from  Brent's  Gap  to  a  point  abont 
one  mile  southwest  of  Jonesboro.  In  the  Lovingston  district  they  occur  at 
many  places  within  half  a  mile  to  three  miles  from  the  town  of  Lovingston. 

MEOABCOPIO  OHARACTBB. 

The  chief  difference  in  magnetite  and  biotite  nelsonites  from  normal 
(ilmenite)  nelsonite  is  composition ;  color,  texture,  and  mode  of  occurrence 
being  essentially  the  same.  They  are  dark,  even-granular  rocks,  varying 
from  fine-  to  medium-grained  in  testure  and  massive  to  schistose  in 
structure.  They  are  composed  essentially  of  magnetite,  biotite,  and  apatite, 
with  either  magnetite  or  biotite  the  dominant  minerfd.  The  biotite  nel- 
sonite in  places  occurs  as  a  border  facies  along  the  walls  of  magnetite 
nelsonite  dikes.  A  second  probable  extreme  variation  in  the  nelsonites  is 
that  of  a  rock  composed  of  almost  pure  granular  apatite  with  magnetite  or 
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ilmenite  and  biotite  ae  microscopic  acceseories,  as  indicated  in  an  occurrence 
noted  near  the  southern  end  of  the  Hue  of  neleonite  outcrope,  1.75  milee 
southwest  of  Lovingston,  and  described  in  detail  on  page  138. 

MICBOSCOPIC  CRABACTEB. 

Microscopic  thin  sections  of  the  rocks  disclose  an  equigranular  fine- 
to  medium-grained  texture.  Their  mineralogy,  in  common  with  all  the 
nelsonites  of  the  region,  is  simple,  being  characterized  by  only  a  few 
minerals.  Magnetite  with  probably  some  ilmenite,  biotite,  and  apatite  are 
the  chief  primary  constituents,  with  in  one  section  a  few  crystals  of 
titanite  which  are  comparable  in  size  to  the  other  minerals.  Either 
magnetite  or  biotite  may  be  the  predominant  constituent,  and  in  practically 
all  thin  sections  the  two  minerals  are  present,  but  in  very  unequal  and 
variable  quantity.  The  secondary  minerals  include  chlorite,  the  commonest 
and  most  abundant,  derived  from  biotite;  osteolite  derived  from  apatit« 
which  is  a  frequent  alteration  product;    leucoxene  occurs  only  sparingly. 

Biotite  is  of  the  ordinary  brown  variety,  possessing  strong  absorption 
and  good  cleavage,  and  may  be  present  either  as  an  abundant  or  as  a  minor 
accessory  mineral.  It  occurs  as  aggregates  of  small  shreds,  sometimes  as 
larger  platy  flakes,  and  in  some  thin  sections  is  partly  inclosed  in  the 
magnetite. 

Apatite  is  a  constant  principal  constituent  of  each  variety  of  the  rock. 
It  exhibits  the  usual  optical  characters  previously  described;  shows  a 
marked  tendency  toward  crystal  form,  occurring  as  subhedral  to  euhedral 
forms  and  as  rounded  grains.  Abundant  dark  inclusions  chiefly  dustlike 
particles  sometimes  larger  in  size  but  of  an  indeterminate  character  are 
incorporated  in  the  apatite  substance.  Apatite  is  frequently  inclosed  in 
the  magnetite. 

Magnetite  probably  accompanied  by  some  ilmenite  occurs  both  as  a 
principal  and  as  a  subordinate  constituent.  It  presents  no  noteworthy 
characters  except  that  in  some  thin  sections  much  of  the  apatite  and 
some  of  the  biotite  are  inclosed  in  it,  indicating  that  its  period  of  for- 
mation was  in  part  at  least  subsequent  to  that  of  the  other  two  minerals, 
especially  apatite.  Further  confirmation  of  this  is  shown  in  the  lack 
usually  of  crystal  boundaries  of  the  magnetite. 

CHEMICAL  COMPOSITION  AND  CLASSIFICATION. 

The  chemical  composition  of  magnetite  and  biotite  nelsonites  is  shown 
in  the  two  analyses  given  below.     The  specimens  yielding  the  results  in 
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the  subjoined  table  were  collected  two  miles  southwest  (I)  and  half  a  mile 
west  (II)  of  Lovingston,  Nelson  County. 


Analyst 


of  magnetite  and  biotite  nelsonites  from  Nelson  County. 
(Wu.  M.  Thobkton,  Jr.,  Analyst.) 


TlOi    .. 

re,o, 

PeO  ... 
MgO  .. 
CaO  .. 
P.O.  . 
H.O- 
H,0+ 

F   

a  .... 
S10>  .. 
Al.O.  . 
Ha,0  . 
K.O  .. 
MdO  .. 
CO,  ... 


16.48 
43.34 
18.61 


Specific  grarity  , 


n.  d. 

3.45 

0.10 

0.15 

0.34 

0.45 

0.23 

0.12 

Trace 

99.42 

100.24 

4.214 

I.    Magnetite  nelsonite,  DillsTd  fftrm  2  miles  BouthwMt  of  LovingatoD. 
IL    Biotite  nelsonite,  half  a  mile  west  of  LoTiugaton. 

The  ajialysis  in  column  I  was  made  on  material  collected  from  a  large 
dike,  exposed  by  an  open  cut  on  the  Dillard  farm,  2  miles  southwest  of 
LoTingston.  The  dike  ie  almost  8  feet  wide  and  dips  toward  the  east  at  an 
angle  of  45°  to  55°,  the  strike  being  nearly  north  and  south.  It  may  be 
traced  by  the  float  for  a  distance  of  100  yards  or  more  along  its  course. 

In  the  centre  of  the  dike,  the  rock  (Spec.  160)  is  largely  composed  of 
titaniferous  magnetite  with  disseminated  grains  of  apatite  which  range 
Qp  to  0.6  mm.  in  diameter.  A  few  shreds  of  biotite  mostly  altered  to 
chlorite  are  present  bnt  they  are  of  minor  importance.  Passing  toward 
the  contacts  of  the  dike  biotite  increases  and  magnetite  decreases  while  the 
percentage  of  apatite  remains  nearly  uniform.  Along  the  contacts  there  ia 
a  zone  1  to  2  inches  wide  composed  almost  exclusively  of  biotite.  The  dike 
rock  is  so  strongly  magnetic  that  a  hammer  held  within  the  cut  close  to  the 
outcrop  becomes  magnetized  and  is  able  to  attract  and  hold  small  fragments 
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of  the  rock.  When  the  bammer  is  raised  above  the  outurop  out  of  tbe 
lines  of  magnetic  force  it  loses  its  magnetism  and  drops  the  fragments  of 
rock. 

The  sarrounding  rock,  mica-schist,  is  completely  weathered  to  clay  $o 
that  a  little  kaolinized  feldspar  and  some  small  grains  of  blue  quartz  are 
the  only  constituents  that  can  be  observed.  Like  ilmenite  and  rutile  nel- 
sonites,  the  magnetite  nelsonite  on  weathering  gives  tbe  typical  pitted 
surface  by  the  removal  of  apatite. 

Under  the  microscope,  a  thin  section  of  the  rock  (Spec.  160)  showed 
tbe  principal  minerals  to  be  magnetite  and  apatite  in  nearly  equal  amounts 
with  much  biotite  partly  altered  to  chlorite.  Magnetite  is  reasonably  fresh 
and  shows  no  alteration  to  leucoxene.  Apatite  exhibits  cleavage  in  some 
individuals  and  contains  abundant  inclusions  chiefly  of  dark  opaque  dust- 
like particles.  It  is  partly  altered  to  osteolite  in  places  and  some  dis- 
coloration from  liberated  iron  oxide  occurs.  Biotite  is  abundant  as  small 
aggregates  of  shreds  and  larger  platy  forms.  It  is  brown  in  color,  has 
strong  absorption  and  good  cleavage,  and  much  of  it  is  altered  to  chlorite 
with  the  separation  of  granules  of  black  iron  oxide.  Plate  XVII,  fig.  1. 
is  a  microphotograph  of  tbe  thin  section. 

Analysis  II  represents  material  collected  from  a  large  outcrop  of 
biotite  nelsonite  (Spec.  171)  located  just  over  the  crest  of  the  ridge  half  s 
mile  west  of  Lovingston.  The  dike  is  about  8  feet  wide  and  can  be  traced 
for  a  distance  of  400  feet  along  tbe  strike  which  is  N.  40°  E.  It  is  a  dark, 
fine-grained  rock,  schistose  in  structure,  and  composed  of  magnetite  or 
ilmenite,  apatite,  and  biotite,  the  latter  being  altered  largely  to  chlorite. 

Microscopically  the  rock  is  fine-grained  in  texture  and  composed  chiefly 
of  magnetite  or  ilmenite,  less  apatite  and  biotite,  with  several  lai^ 
crystals  of  titanite.  Apatite  shows  some  tendency  toward  crystal  form, 
is  inclosed  by  the  magnetite,  and  is  quite  fresh,  exhibiting  its  usual  optical 
characters.  Biotite,  mostly  brown,  sometimes  green  in  color,  with  good 
cleavage  and  strong  absorption,  occupies  distinct  areas  at  times  as  aggre- 
gates of  shreds,  but  much  of  it  is  inclosed  by  tbe  magnetite. 

Tbe  norms  calculated  from  the  analyses  on  page  125  are: 
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Fij;.   1, — Mafnit^titc     nplsonite.     Dillanl  Fig.  2. — ^Kine-jfriiinpd       ilnienite       nel- 

fnrni,   i   milps   Minithwe«t  nl   \jn\-inp-  aonite  0.75  iiiiIf  inirtliwent  of  (!«,   1. 

^toii.       Li^lit     nrenij    npntitc.     ilnrk  Liglit   areas   apatite,   dark   arena   i1- 

areiiH      ma^etitp      chiefly.        Single  menite.     Single  nirai.      Rnlarged   30 

nim).    Rnlnr^eil  30  diameters.    Sped-  iliontpt^ni.     S|>pdmen  No.  1<I3. 
men  No.  1«0. 


IT.  3.— Interjtrowth  uf  iltnenite  ami  quartz,  1.5  tnilei)  southwest  of  (  laypool.  Liglit 
»rpa»  quartz,  ilark  areas  ilmenlte.  Single  nieol.  Knlarged  30  ilianieters. 
Spetinien  No.  99. 


PHOTOMKROGRAPHS  OF  XELSOXITF,  AND  I T. Jl EXIT:e.-QUAR7'Z 
IXTERGROWTH. 


SITe.-QfARTZ 
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corresponding  to  analyses  of  magnetile  and  biotite  nclsonites  on 
page  1S5. 


Quartz  

Orthoclase  . . . 

Albite 

Conmdum 

Leucite 

Nepbelite 

Hn>«rstheDe   . 

Olivine 

nmenite    

Magnetite  — 

Hematite  

Apatite  

Water 


0.42 

2.78 

1.57 

2.65 

1.31    . 

0.57 



1.60 

0.70 

30.10 

31.31 

19.72 

12.06 

23.04 

35.20 

22.18 

9.74 

1.17 

2.13 

The  position  of  the  first  one  of  these  rocks  (I)  in  the  "Quantitative 
System"  may  be  expressed  as  follows : 


5.  (2)3.   (2)3.   (4-6). 


The  position  of  the  rock  represented  by  analysis  II  is  not  figured  out  since 
either  CaO  is  too  low  or  PjOs  is  too  high,  which  makes  a  difference  in 
classification. 

These  represent  new  and  extreme  types  of  ultrabaelc  igneous  rocks. 
They  are  the  first  recorded  representatives,  but  no  name  is  suggested  for 
the  one  figured  out  (I)  since  it  occupies  a  border  position  in  the  classi- 
ficatory  scheme.  An  accurate  analysis  of  entirely  fresh  material  may 
remove  the  rock  from  a  border  position  and  place  it  within  the  proper 
classificatory  limits.  Should  this  prove  true  the  subrang  name  loving- 
stonose  is  snggestfid  as  an  appropriate  one. 

OTHER    OCOUBBENOEB. 

A  similar  dike  to  that  described  above  on  the  Dillard  farm  occurs  1.6 
miles  north  of  Lovingston  (Spec.  190).  There  are  no  outcrops  at  this 
point  but  the  float  indicates  a  nearly  north  and  south  strike.  Pieces  of 
neUonite  may  be  found  in  which  either  magnetite  or  biotite  predominates. 
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Microscopically  a  thin  aection  shows  the  rock  to  be  a  flne-graculap  mixture 
of  magnetite,  ilmenite,  apatite,  and  biotite  in  the  order  of  abundance 
named.  Biotite  occurs  in  small  shreds  and  large  platy  forms  of  green  and 
brown  color,  exhibiting  the  usual  pleochroism  and  cleavage,  and  is  partly 
altered  to  chlorite.  Magnetite  or  ilmenite  and  apatite  show  their  usual 
characters. 

Biotite  nelsonite  ia  found  at  a  number  of  places  along  the  ridge  on 
the  west  side  of  the  Lovingston  valley.  These  occurrences  fall  approxi- 
mately into  alignment  and  extend  for  a  distance  of  3  miles  in  a  direction 
N.  35°  E. 

Near  the  southern  end  of  the  line  of  nelsonite  outcrops,  1.75  milea 
southwest  of  Lovingston,  there  is  a  IS-foot  shaft  on  the  southwest  side  of 
which  a  vertical  dike  of  nelsonite  (Spec.  164)  not  e?[cecding  1  foot  in 
width  ia  exposed,  but  it  pinches  before  reaching  the  opposite  side  of  the 
shaft.  The  strike  appears  to  be  approximately  X.  ZS"  E,  The  rock  is 
composed  of  dominant  apatite,  biotite,  and  a  little  ilmenite,  and  is  much 
decomposed.  There  is  a  large  open  cut  a  few  feet  southwest  of  the  shaft 
from  which  a  carload  of  apatite  ia  reported  to  have  been  mined  and  shipped. 
A  few  pieces  left  on  the  dump  are  composed  of  almost  pure  white  apatite, 
fine-grained  and  close-textured,  with  scattered  dark  gray  blotches  probably 
due  to  minute  inclusions  of  biotite  or  ilmenite.  The  small  dike  exposed 
in  the  shaft  is  probably  the  continuation  of  this  ore-body  which  must  have 
been  more  or  less  lenticular  in  shape. 

Jlicroscopieally  a  thin  section  showed  chiefly  light-colored  apatite  in 
euhedral  and  anhedral  forms,  with  the  mineral  usually  exhibiting  a  strong 
tendency  toward  crystal  outline,  both  basal  and  prismatic  sections  being 
frequent.  Two  directions  of  cleavage  are  sometimes  noted  and  inclusions  of 
minute  dustlike  particles  and  larger  dark  granules  of  an  indeterminate 
character  are  frequent.  The  apatite  is  not  entirely  fresh  but  is  partly 
altered  to  the  earthy  form,  osteolite.  Brown  pleochroic  biotite  partly 
altered  to  chlorite  and  ilmenite  or  titaniferous  magnetite  altering  to 
leucoxene  occur  as  lesser  constituents.  Areas  of  a  fine  mosaic  of  epidote 
and  some  zoisite,  minute  granules  of  black  oxide  of  iron,  and  some  yellow- 
brown  hydrous  iron  oxide  frequently  formed  along  the  boundaries  of  the 
minerals,  complete  the  list  of  secondary  minerals. 

About  50  yards  southwest  of  the  open  cut  a  dike  of  biotite  nelsonite 
(Spec.  16lt)  is  exposed  in  a  small  pit.  The  dike  is  3  feet  wide  and  has  a 
strike  N.  40°  E.  It  is  a  dark  gray  schistose  rock,  composed  of  biotite, 
apatite,  and  magnetite  or  ilmenite.    A  part  of  the  apatite  occurs  in  long. 
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lathlike  crystals  ranging  up  to  3  cm.  in  length.  The  biotite  is  largely 
altered  to  chlorite  and  some  hematite  derived  either  from  magnetite  or 
ilmenite  is  present. 

Microscopic  study  of  a  thin  section  reveals  a  rock  of  fine-grained 
testnrc,  composed  of  the  principal  minerals  ilmenite  or  magnetite,  biotite, 
and  apatite  in  the  order  named.  Biotite,  next  in  quantity  to  ilmenite  or 
magnetite,  is  deep  brown  in  color  and  pleochroic,  and  occurs  in  aggregates 
of  shreds,  partly  inclosed  by  the  iron-bearing  mineral.  Apatite  is  con- 
siderably altered  to  a  bright  yellowish  substance,  possibly  iron  oxide, 
which  is  especially  noticeable  along  the  lines  of  fracture.  Plate  XVII, 
fig.  2,  is  a  photomicrograph  of  the  thin  section. 

A  dike  of  magnetite  nelsonite  (Spec.  37)  outcrops  on  the  Stratton 
farm,  three-quarters  of  a  mile  southeast  of  Maseie's  Mill.  While  not 
well  exposed  the  body  is  probably  3  or  3  feet  wide  and  has  a  strike  of 
N.  50°  E.  When  fresh  the  rock  is  black  and  has  metallic  lustra,  but  on 
weathering  it  becomes  rusty  brown  to  black  in  color  due  to  the  production 
of  limonite.  It  contains  much  titanium  but  is  strongly  magnetic.  Apatite 
is  evenly  distributed  in  small,  elongated  grains  but  forms  a  very  small 
percentage  of  the  total  rock  mass.  Microscopically  the  rock  is  fine-grained 
in  texture  composed  of  the  principal  minerals  magnetite,  apatite,  and 
biotite,  together  with  the  usual  alteration  products.  Apatite  in  euhedral 
and  anhedral  forme  is  developed  as  inclosures  in  both  magnetite  and 
biotite. 

On  the  slope  of  the  mountain  three-quarters  of  a  mile  northwest  of 
Bryant  is  exposed  a  rock  (Specs.  61-A  and  61-B)  composed  of  hematite 
and  apatite.  The  hematite,  fine  granular  and  black  in  color,  is  secondary 
after  magnetite.  The  rock  contains  very  little  titanixun.  Apatite  is  largely 
segregated  in  the  central  portion  of  the  dike  developed  as  phenocryets 
ranging  up  to  2  cm.  in  length  and  4  or  5  mm.  in  diameter  that  frequently 
show  well-formed,  hexagonal  croBS-sections.  A  few  small  grains  of  the 
mineral  are  disseminated  through  the  outer  portions  of  the  rock  mass.  A 
thin  section  of  61-A  studied  under  the  microscope  shows  the  following 
minerals:  Apatite,  hematite,  magnetite  or  ilmenite,  and  biotite.  Apatite 
ia  the  most  abundant  mineral  and  is  developed  in  large,  elongated  crystals 
containing  inclusions  and  showing  alterations.  (Fl.  XIII,  fig.  2.)  61-6 
differs  in  mineral  composition  from  61-A.  It  is  composed  of  hematite, 
biotite,  and  quartz,  no  apatite  or  ilmenite  being  identified.  Hematite  is 
secondary  after  magnetite.  Quartz  exhibits  pronounced  optical  disturbance 
and  characteristic  peripheral  granulation.    An  occasional  hairlike  inclusion 
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of  rntite  is  noted  in  the  quartz.  Althoagh  the  rock  is  very  fine-grained  in 
texture  blue  quartz  is  plainly  visible  in  the  hand  specimen. 

Near  the  headwaters  of  Hard  Bargain  Branch,  one  of  the  upper  forks 
of  Hat  Creek,  3.5  miles  northeast  of  Bryant,  a  nelaonite  body  (Spec.  83) 
outcrops  that  is  composed  of  magnetite,  ilmenite,  apatite,  and  some  chlorite 
probably  derived  from  the  alteration  of  biotite.  A  similar  rock  is  exposed 
near  Brente  Gap  on  the  other  side  of  the  ridge,  one  mile  to  the  east.  Other 
dikes  of  the  same  character  are  reported  to  occur  at  several  places  along 
the  mountain  slopes  in  this  vicinity.  Microscopically  the  rook  is  fine- 
grained in  texture  and  composed  of  ilmenite,  apatite,  and  biotite,  the  first 
two  being  present  in  about  equal  proportion,  as  tbe  principal  minerals, 
together  with  some  accessory  primary  titanite.  Biotite  in  brown-  and 
green-colored  shreds  showing  good  cleavage,  strong  absorption,  and  con- 
taining inclusions,  is  plentiful.  Ilmenite  and  apatite  are  considerably 
altered  to  the  usual  products. 

In  the  outside  gneiss  about  one  mile  north  of  Jonesboro  a  small  pit 
exposes  a  dike  of  nelsonite  which  can  be  traced  along  the  strike  N.  5°  W", 
for  a  distance  of  500  yards.  The  rock  is  fine-grained  in  texture,  of  dark 
gray  color,  and  composed  of  chlorite,  apatite,  magnetite,  and  probably 
ilmenite.  Under  the  microscope  a  thin  section  of  the  rock  shows  magnetite 
or  ilmenite  or  both,  biotite,  apatite,  and  accessory  titanite,  together  with 
the  secondary  minerals  chlorite,  leucoxene,  and  osteolite  as  alteration 
products  derived  from  the  three  principal  minerals  biotite,  ilmenite,  and 
apatite. 

AM    EXCEPTIONAL  FACIE3. 

In  several  places  along  the  southern  portion  of  the  ridge  on  the  west 
side  of  the  Lovingston  valley,  large  masses  of  pure  apatite  occur  associated 
with  biotite  schists,  and  as  these  masses  seem  to  be  closely  related  genetic- 
ally to  the  biotite  nelsonites  they  are  described  below. 

About  three-quarters  of  a  mile  southwest  along  tbe  ridge  there  is  an 
old  shaft  30  feet  deep  and  several  prospect  pits,  but  only  completely 
weathered  schist  was  observed  on  the  shaft  dump.  A  piece  of  weathered 
fioat  picked  up  near  one  of  the  pits  is  composed  almost  entirely  of  biotite 
with  a  little  apatite  and  possibly  some  ilmenite.  A  similar  specimen  from 
another  cut  contains  a  little  hornblende  and  shows  an  included  mass  of 
pure  apatite  about  5  cm.  across.  Passing  southwest  there  are  many  pros- 
pect pits  and  open  cuts  within  the  next  400  yards,  and  in  some  of  them 
large  masses  of  apatite  were  encountered,  closely  associated  with  a  fine- 
grained pegmatite  and  a  peculiar  biotite  schist.     (See  figs.  7,  8,  and  9.) 
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Fig.  7. — Section  in  open  cut  o 

showing  geologic  relations   of  the    rocks. 
ig)  pegmatite,  (m)  mica  schist. 

The  geolo^cal  relations  of  these  rocke  (Specs.  169  and  170)  to  each 
other  are  complicated,  and  the  intense  metamorphism  to  which  they  have 
been  subjected,  together  with  the  depth  to  which  decomposition  has  pene- 
trated, makes  it  exceedingly  difficult  to  decipher.  The  peculiar  appearance 
of  the  schist  is  well  shown  in  one  of  the  small  shafts,  and  in  figs.  8  and 
9  sections  of  the  shaft  are  given  together  with  diagrammatic  sketches 
of  the  southwest  and  southeast  sides.     A  photograph  of  the  biotite  schist 
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on  the  Boutheast  side  of  the  Bhaft  is  reproduced   in   PI.   XVIII.     The 

direction  of  Bchifltoaitj  is  nearly  vertical  and  approximately  parallel  to 

the  Bide  of  the  shaft  where  the  photograph  was  taken.     The  schist  is 

divided  by  horizontal  partings  into  wavelike  layers  about  half  an  inch 

thick,  which  at  a  little  distance  have    ^^  ^  _^^^ 

the    appearance    of    bedding    planes. 

These  lines  of  parting  may  be  traced 

in  places  across  both  the  pegmatite 

and  the  apatite  masses,  but  are  not  as 

distinctly  marked  as  in  the  schist,  and 

the  rock  is  also  cut  by  nearly  vertical 

joints.    It  iB  dark  brown  in  color,  and 

is  BO  badly  weathered  that  it  readily 

crumbles    to    pieces     (altered    mica 

folia)    between  the    fingers.     It   is 

composed   mostly  of  altered   biotite, 

and,  as  shown  under  the  microscope,  a 

few    angular   grains   of    quartz,      A 

chemical  test  showed  the  presence  of 

much  phoephoric  acid. 

The  pegmatite  (Spec.  166)  occurs 
as  lenses  and  irregular  masscB  cutting 
the  schist,  and  as  large  bodies  that 
appear  to  be  included  in  the  schist. 
Megascopically  it  is  a  medium,  coarse 
granitic  rock  composed  for  the  moat 
part  of  feldspar,  quartz,  and  a  little 
biotite,  together  with  some  muscovite  which  is  pro 

Apatite  in  irregular  masses  is  found  both  in  t 
biotite  schist,  and  along  the  contact  between  the  t 
transparent  when  fresh,  and  occurs  as  a  compact, 
paratively  free  from  other  minerals  except  occasio 
or  ilmenite.  In  one  piece  a  lenticular  veinlet  of  ' 
was  noted. 

Because  of  the  altered  condition  of  the  rocki 
posnres  it  is  not  possible  to  draw  definite  conclusi 
of  these  deposits,  bat  many  of  the  known  facts  . 
masses  may  have  been  formed  as  segregations  in 
has  since  been  altered  to  the  biotite  schist.  The 
this  explanation  are : 


Pig.  0.— ^ 
tbe  Dil 
wait  of 
ate,  1» 
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(1)  The  known  occmrence  of  this  biotite  schist  and  the  apatite 
I  which  accompany  it  are  in  alignment  with  the  Beries  of  biotite 
nelsonites  that  outcrop  along  a  line  3  miles  in  length,  and  they  are  not 
found  elsewhere. 

(3)  The  close  physical  resemblance  between  the  biotite  achist  and 
the  biotite  nel&onites,  in  which  apatite  and  ilmenite  or  magnetite  occar 
as  minor  constituents. 

(3)  The  presence  of  parallel  cracks  in  many  specimens  of  biotite 
nelsonites  somevhat  similar  to  the  false  bedding  in  the  schist. 

(4)  The  occurrence  of  small  quantities  of  biotite  and  ilmenite  in  the 
apatite  masses,  and  the  presence  of  considerable  phosphoric  acid  in  the 
biotite  schist. 

(5)  The  small  masses  of  segregated  or  included  apatite  that  are  found 
in  biotite  nelsonite  otherwise  containing  only  small  amounts  of  apatite 
in  disseminated  grains. 

(6)  These  ore-bodies  are  accompanied  by  pegmatite  masses  and  nel- 
sonite dikes,  the  latter  having  been  found  only  in  syenite  areas  and  in  the 
vicinity  of  pegmatite  dikes.  This  statement  is  true  of  the  nelsonite  dikes 
found  in  the  Boanoke  area  as  veil  as  those  in  the  Roseland  and  Lovingston 
districts. 

Hornblende  Kelsonite. 

NAME  AND  LITHOLOOID  CHAOACTER. 

The  name  hornblende  nelsonite  is  given  to  that  variety  of  nelsonite 
showing  special  richness  in  hornblende.  Rocks  of  this  type  occur  at  several 
widely  separated  localities  in  the  Lovingston  district,  and  in  the  Boseland 
district  about  one  mile  west  of  Rose's  Mill.  Entirely  fresh  specimens  of 
the  rock  could  not  be  obtained.  Secondary  chlorite  derived  from  hornblende 
is  a  prominent  constituent  of  the  rocks  and  in  some  specim^is  it  is  the 
principal  mineral. 

In  the  freshest  specimens  the  rock  is  dark  in  color,  by  far  the  moat 
prominent  constituent  being  compact,  cleavable  hornblende  more  or  less 
altered  to  chlorite.  Other  more  altered  specimens  show  a  rock  of  medium, 
dark  blue-gray  to  greenish-gray  color.  The  other  important  mineral  con- 
stituents, apatite  and  ilmenite,  form  very  small  grains  frequently  distributed 
through  the  hornblende  and  its  alteration  product,  chlorite,  in  poikilitic 
fashion.    Occasional  irregular,  fine-granular  areas  are  visible  in  some  speci- 


sdbyGoOgle 


134  OEOLOOT   OF   THB   XITANtCM    AND   APATITE   DEPOSITS. 

mene  in  which  the  apatite  and  ilmenite  are  more  prominent  than  else- 
where. The  rock  is  medium  to  coarse  granular  in  texture  and  massive  to 
slightly  foliated  in  structure. 

MICBO8C0PI0  OHABAOTEB. 

Under  the  microscope  thin  sections  of  the  rocks  show  a  micropoikilitic 
texture,  the  large,  irregular  areas  of  hornblende  and  its  alteration  product, 
chlorite,  being  more  or  less  crowded  with  apatite  and  ilmenite.  The  chief 
constituent  is  pale  to  deep  blue-green  hornblende  in  grains  and  irregular 
pla^  forms,  sometimes  fibrous,  having  pronounced  pleochroiam  in  the 
deeper  colored  individuals,  and  usually  showing  well-developed  cleavage  in 
one  direction.  The  horoblende  is  partly  altered  to  chlorite  accompanied 
at  times  by  the  separation  of  granules  of  black  oxide  of  iron.  It  seems  not 
improbable  that  much  of  the  hornblende  was  derived  from  pyroxene, 
although  no  trace  of  this  mineral  was  observed  except  in  one  thin  section 
which  showed  several  small  cores  or  eyes  of  hypersthene  surrounded  by 
hornblende. 

The  next  most  abundant  constituents  are  apatite  and  ilmenite,  the 
proportions  of  which  are  subject  to  wide  variation,  and  always  greatly  less 
in  amount  than  hornblende.  Ilmenite  is  mostly  anhedral  and  in  some  thin 
sections  is  partly  altered  to  leucoxene.  Much  of  the  apatite  in  some  sections 
is  in  euhedral  and  subhedral  crystals,  partially  altered  at  times  to  the 
earthy  form  osteolite.  Both  ilmenite  and  apatite  are  more  frequent  as 
inclosures  in  the  hornblende  imparting  poikilitic  texture.  In  one  thin 
section  a  part  of  the  apatite  was  observed  inclosed  by  the  ilmenite,  in- 
dicating that  apatite  was  the  first  mineral  to  form. 

Biotite  in  small  amount  ig  occasionally  noted  associated  with  horn- 
blende. A  thin  section  of  the  rock  from  the  Boseland  district  shows  much 
biotite  and  chlorite  but  no  hornblende.  It  is  brown  to  green  in  color, 
exhibiting  the  usual  absorption  and  cleavage  in  fresh  folia,  but  partly 
altered  to  chlorite. 

Titanite,  quartz,  and  probably  zircon  ( F)  were  noted  as  occasional 
accessory  minerals  in  several  thin  sections,  but  all  of  these  were  not 
observed  in  the  same  thin  section. 
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OHEHIOAL  COlCPOSinON  AND  OLABBIFl CATION, 

Chemical   analyses  of  ttiia  rock  from  the   Boseland   and   LoTingston 
districts  are  as  f ollowa : 


Analyses  of  hornblende  neUonite,  Nelson  County,  Virginia. 
(Wh.  M.  THDBinoH,  Jb.,  AmUfit.) 


1       I 

n 

20.02 

2.64 

11.75 

16.98 

5.93 

10.27 

.23 

.39 

.71 

2.47 

20.73 

7.34 

.23 

.02 

.31 

Trace 

6.85 

F^'  ::::::::::;:::::::;::: 

22.73 

9.68 

K,0             

.34 

h!o+ :::::::::!::!:::::::::::::: 

1.66 

Ko. ::::::':;::;::!!:;;;":;!! 

3.29 

a    ::'■;  ■:■■■■:■'■:::;::;;■; 

.01 

CO,                                                             .     . 

Trace 

Total    

100.02 

100.23 

.   of   Roae'a   Mill.    NelaoB 
,  Nelson  County,  Virginia. 

The  norms  calculated  from  these  analyses  are  as  follows : 


HoTubloide    (blotite.ch]orite)    neteonite,    1    mile  \ 

Coantj,  Virginia. 
Hornblende  nelsonite,  3  miles  north  of  Lovingston, 


Norms  of  hornblende  nelsonite  corresponding  lo  anaiyses  on  page  ISo. 

1              I 

n 

Quartz  

Orthoclase  

7.50 
2.22 
1.57 
1.84 

u.m 

11.68 

36'.33 
3.53 
.16 

16.80 
3.18 

7.86 
1.67 
3  14 

24  78 

Rutlle    

Water    

Total   

99.61 

100.03 
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Separate  descriptions  of  the  rocks  represented  by  the  two  analyses 
above  follow: 

Specimen  No.  I  (136)  was  collected  from  large  pieces  of  loose  rock, 
about  one  mile  west  of  Rose's  Mill,  distributed  along  the  direction  of 
strike  of  several  nearby  nelsonite  dikes.  The  rock  is  medium  granular 
in  texture,  of  green  color,  and  schistose  in  structnre.  It  is  composed 
principally  of  medium  green  chlorite  and  scattered  smaller  grains  of 
apatite  and  ilmenite. 

Under  the  microscope  a  thin  section  of  the  rock  shows  it  to  be  much 
altered.  It  is  composed  of  biotite,  ilmenite,  and  apatite  as  the  principal 
minerals,  together  with  accessory  quartz,  and  the  secondary  minerals 
chlorite  and  leueoxene.  Biotite  is  brown  to  green  in  color,  has  strong 
absorption  and  good  cleavage  in  the  fresh  folia,  but  much  of  it  is  altered 
chiefly  to  chlorite.  Hornblende '  was  not  identified.  Chlorite,  the  most 
abundant  mineral,  may  or  may  not  have  been  derived  entirely  from  biotite. 
Ilmenite  contains  fractures  and  is  considerably  altered  to  leueoxene. 
Apatite  likewise  shows  alteration  to  the  earthy  form  osteolite.  An  occa- 
sional grain  of  quartz  is  observed. 

Specimen  No.  II  (193)  was  taken  from  the  Shipman  farm,  3  miles 
nortli  of  Lovingston,  where  many  loose  pieces  of  hornblende  nelsonite  are 
found  scattered  over  the  slope  of  the  mountain.  No  rock  could  be  found 
in  place  but  the  float  was  fairly  fresh.  The  rock  is  composed  chiefly  of 
dark  green  hornblende,  partly  in  large,  cleavable  individuals  3  to  4  mm. 
across,  and  partly  in  small  grains,  through  which  are  distributed  small 
grains  of  ilmenite  and  apatite  in  poikilitic  fashion. 

Microscopically  a  thin  section  of  the  rock  shows  it  to  be  composed 
chiefly  of  lai^e,  irregular,  platy,  green,  pleochroic  hornblende  having  good 
cleavage  developed  in  one  direction.  It  is  micropoikiltic  in  texture  from 
enclosures  of  the  other  minerals,  and  is  partly  altered  with,  in  some  cases, 
the  separation  of  grains  of  black  oxide  of  iron.  It  is  not  improbable  that 
the  hornblende  is  secondan,-  although  no  trace  of  an  original  mineral  from 
which  it  may  have  been  derived  was  observed  in  the  thin  section.  The 
next  most  abundant  constituents  are  apatite  and  ilmenite.  Much  of  the 
apatite  in  euhedral  and  subhedral  crystals  is  enclosed  in  the  hornblende 
and  to  some  extent  in  the  ilmenite.  Titanite  is  present  in  small  quantity. 
Plate  XIX,  flg.  2,  is  a  photomicrograph  of  the  thin  section. 

Under  the  old  nomenclature  these  rocks  would  be  classed  aa  horn- 
blende nelsonite,  the  prefix  hornblende  denoting  special  richness  in  that 
mineral.     In  the  new  quantitative  system  of  classification,  the  norms  ss 
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g.  1. ^Hornblende  nelsonite  from  Brndshnw  fnnn.  0.5  mile  southeast  of  Lovingston. 
SIlowb  hornblende,  ilmenite,  nmt  apntite.  Single  nieol.  Enlarged  30  diameters. 
Specimen  No.  177. 


Fig.  2. — Hornblende  nelnonite  fnim  Shipmnn  turm.  3  miles  north  of  L»vm)P'ti)n. 
Shows  hornblende,  ilmenite.  and  apatite.  XieoU  cwshwI.  Enlarged  30 
diameters.     Specimen  No.   102. 


Fig.  3. — Hornblende  neleonite  1.76  Ditleii  northwett  of  l^vingitlon.  Slinnv-  niterrd 
Itnrnblpnde.  ilmenlle.  and  apntile.  NieoU  cmimed.  Enlargei)  .30  tliametert. 
Specimen  No.  180. 

'T(»MI<  RfHiKAPHS  OK  HORNIH.EXDE  NE1.SON1TK.  i 
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BhowB  above,  place  the  rocke  near  the  border  position  between  classes  IV 
and  V,  but  they  are  classed  as  of  IT  (dofemane).  These  rocks  are  the  first 
recorded  representatives  of  a  new  type.  ITieir  position  in  the  quantitative 
system  of  classification  is  expressed  as  follows : 

I.    Symbol.  IV  (near  V) .  2.  4. 
n.    Symbol.  IV-V.  H2).  3.  1.  1 

Ho  name  is  proposed  for  these  rocks  at  this  time  since  they  occupy  a 
border  position  between  classes  IV  and  V  of  the  "Quantitative  System," 
but  chiefly  because  of  the  lack  of  fresh  material  for  chemical  analysis. 

OTHEB  OOOUBBSHOEB. 

Two  other  occurrences  of  hornblende  nelsonite  in  the  Lovingston 
district  are  described  below. 

About  1.85  miles  west  from  the  Shipman  farm  there  is  a  similar 
occurrence  of  hombleDde  nelsonite  (Spec.  186).  The  float  was  traced 
for  a  short  distance  in  a  direction  N.  70°  W.,  but  no  rock  was  found  in 
place.  The  rock  is  dark  greenish-gray,  and  massive  granular  but  uneven 
textnre,  composed  chiefly  of  large  platy,  poikilitic  hornblende  and  in  places 
areas  of  an  even-granular  mixture  of  dominant  apatite  and  ilmenite.  Float 
found  in  this  vicinity  indicates  that  the  country  rock  is  biotite  gneiss  with 
a  few  dikes  of  granite  and  diabase. 

Microscopically  a  thin  section  of  the  rock  shows  it  to  be  composed 
essentially  of  pale  green,  fibrous  hornblende,  slightly  pleochroic;  and 
under  the  single  nicol  it  appears  homogeneous  and  massive.  The  horn- 
blende has  been  derived  from  hypersthene  as  there  are  some  scattered 
eyes  or  cores  of  the  characteristic  unaltered  pyroxene  in  the  hornblende 
substance.  Hornblende  encloses  ilmenite  and  apatite,  the  latter  probably 
slightly  in  excess,  having  the  usual  characteristics.  Alteration  to  horn- 
blende is  accompanied  by  the  separation  of  grains  of  black  oxide  of  iron 
through  its  substance.  Several  pieces  of  primary  titanite  are  observed. 
Plate  XIX,  fig.  3,  is  a  photomicrograph  of  the  thin  section. 

On  the  Bradshaw  farm,  0.5  mile  southeast  of  I»vingpton,  a  small 
prospect  pit  was  sunk  on  a  dike  of  hornblende  nelsonite  (Spec.  177) 
several  years  ago.  At  present  the  pit  is  partly  filled,  but  pieces  of  rock 
found  on  the  dump  show  the  character  of  the  dike.  It  is  a  dark  green, 
coarsely  crystalline  rock,  composed  of  compact,  cleavable  hornblende 
crystals  3  to  4  mm,  in  diameter,  and  minute  grains  of  apatite  and  ilmenite. 

Microscopic  study  of  a  thin  section  of  the  rock  shows  the  chief  con- 
stituent to  be  green  hornblende  in  grains  and  platy  prismatic  forms  having 
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Btrong  pleochroiBm.  Some  biotite  is  associated  with  the  hornbleDde,  and 
apatite  partly  altered  and  ilmeoite  are  eprinkled  quite  freely  through  the 
slide.  Anhedral  quartz,  and  crystals  of  a  mineral  having  strong  refraction 
and  double  refraction,  probably  zircon,  occur.  Plate  XIX,  fig.  1,  is  a  photo- 
micrograph of  the  thin  section, 

Oabbro-RelBonite. 

NAME  AND  DISTRIBOTION. 

The  name  gabbro-nelsonite  was  proposed  by  the  writers"  for  a  type  of 
holocrystalline  igneous  rock,  occurring  as  dikes  and  having  mineralogical 
composition  intermediate  between  normal  gabbro  and  neUonite  proper. 

Gabbro-nelsonite  is  much  more  limited  in  occurrence  than  that  of 
either  gabbro  or  ueleonite.  It  has  been  observed  and  studied  at  many 
places  within  the  syenite  area,  especially  near  the  eastern  border,  and 
has  been  observed  in  the  outeide  gneiss  near  the  head  of  Davis  Creek.  A 
description  of  each  occurrence  is  detailed  in  the  pages  which  follow  below. 
Most  of  the  occurrences  of  gabbro-nelsonite  are  remarkably  uniform  in 
appearance  and  compositioo.  In  places  the  rock  shows  a  partial  gneissic 
structure,  the  constituent  minerals  being  drawn  out  so  as  to  give  an 
appearance  of  imperfect  banding.  Other  rocks  are  found  within  the  district 
which  are  intermediate  in  mineral  composition  between  gabbro  and  gabbro- 
nelsonite.  They  resemble  more  closely  the  gabbro  in  appearance  but  con- 
tain excessive  quantities  of  the  ore  minerals,  ilmenite  and  apatite. 

HE0A8C0PIC   OHARACTBB. 

Normally  gabbro-nelsonite  is  a  holocrystalline,  porphyritic  rock  of 
dark  color,  consisting  of  lenticular  eyes  of  feldspar  (plagioclase),  1  to  2 
cm.  in  diameter,  embedded  in  a  dark,  medium-fine,  even-granular  ground- 
mass  of  pyroxene,  ilmenite,  and  apatite.  Even-granular  texture  has  been 
noted  in  only  one  or  two  occurrences  of  the  rock.  Other  variations,  chiefly 
mineralogical,  exist  which  are  described  separately  below.  In  the  typicaJ 
gabbro-nelsonite,  the  lenticular  eyes  of  feldspar,  which  give  to  the  rock 
porphyritic  texture,  frequently  appear  not  as  a  single  large  feldspar 
individual  but  as  an  aggregate  of  small,  formless  grains,  which  may  and 
probably  do  represent  granulation  or  crushing  of  an  original  large  feldspar 
phenocryst  by  dynamic  metamorphism. 

,  The  Virginia  Butile  Deposits,   Ball. 

No.  ^"-    '-    "    "     ■    "  
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Mineralogically  the  typical  rock  is  composed  of  silicate  and  ore 
minerals  in  unequal  amounts,  the  former  predominating.  The  dark  ferro- 
magnesian  minerals,  hypersthene  and  secondary  hornblende,  variant 
feldspar  (chiefly  plagioclase  with  some  orthoclaee),  and  occasional  quartz, 
are  the  silicate  minerals.  Apatite,  ilmenite,  and  magnetite  are  the  principal 
ore  minerals. 

MICBOSCOPIO  CHARAOTBE. 

Under  the  microscope  the  rock  is  found  to  consist  of  a  holocrystalline 
granitoid  mixture  of  silicate  and  ore  minerals  in  unequal  proportion. 
Forphyritic  texture  is  less  apparent  in  some  thin  sections  than  in  the  hand 
specimens.  The  essential  silicate  minerals,  named  in  order  of  their 
abundance,  are  an  orthorhombic  pyroxene  (hypersthene)  and  an  inter- 
mediate plagioclase  of  andesine  composition.  The  ore  minerals  are  ilmenite 
and  apatite,  occasionally  approximating  nearly  equal  proportions  but  usually 
one  is  in  excess  of  the  other.  Besides  these  sporadic  grains  of  quartz, 
biotite,  titanite,  and  pyrite  have  been  observed.  In  one  thin  section  an 
occasional  grain  of  microcline  was  identified.  The  secondary  minerals 
include  hornblende,  chlorite,  aod  leucoxene. 

Pyroxene  is  the  most  abundant  constituent,  and  it  seems  to  be  hypers- 
thene occurring  as  ill -defined  prismoids  and  anhedral  crystals.  Ple- 
ochroism  may  be  weak  or  strong  corresponding  usually  in  the  deeper 
colored  forms  to  the  absorption  formula  X  =  yellowish-brown,  Y  =  reddish- 
brown,  and  Z  =  greenish.  It  sometimes  contains  inclosures  of  apatite  and 
shows  various  stages  of  alteration  to  a  confused  fibrous  greenish  aggregate 
of  probably  hornblende.    The  pyroxene  is  optically  negative  ( — ). 

Feldspar  is  quantitatively  the  next  silicate  mineral  of  importance.  It 
is  a  plagioclase  of  intermediate  composition  corresponding  to  andesine  of 
the  composition  Ab„An,s  to  Ab^gAn,,,  usually  exhibits  characteristic 
multiple  twinning,  and  does  not  show  crystal  boimdaries.  It  sometimes 
shows  intergrowths  of  microcline  (ortboclase)  spindles  similar  to  the 
dominant  feldspar  observed  in  the  syenite  and  in  the  gabbro.  Extinction 
on  rhombic  sections  averaged  about  20.5°.  Kicropoikilitic  texture  is  some- 
times observed  but  usually  is  poorly  defined.  Occasionally  the  lamelUe  of  a 
plagioclase  individual  are  broken  by  fractures.  Inclusions  of  apatite  occur 
but  are  not  abundant.  Plagioclase  (andesine)  is  subject  to  considerable 
variation  in  amount  and  in  one  or  two  thin  sections  it  is  only  sparingly 
present.     (See  Pis.  XX  and  XXI.) 

The  ore  minerals,  ilmenite  and  apatite,  are  always  present  in  con- 
siderable amount,  and  are  more  plentiful  than  feldspar,  standing  quanti- 
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tativel;  next  to  pyrozeoe.  Both  are  developed  as  individual  crystal  grains 
of  smaller  size  than  either  of  the  esseotial  silicate  miDerals.  Apatite  is 
chiefly  developed  in  crystals  showing  tendency  towards  idiomorphic  outline, 
is  reasonably  fresh,  is  sometimes  partially  fractured,  and  in  part  may  be 
inclosed  by  either  pyroxene  or  ilmenite,  indicating  its  earlier  crystalli- 
zation   from    the    magma.      Ilmenite    is    partly    altered    peripherally    to 


The  several  accessory  minerals  are  very  sparingly  present  and  do  not 
present  any  unusnal  features. 

CHEMICAL  COMPOSITION  AND  CLASBIflOATION. 

The  only  sample  of  gabbro-nelsonite  analyzed  during  the  rourse  of  this 
investigation  was  collected  from  a  dike  of  the  typical  rock  exposed  on  the 
west  side  of  the  Arrington  road,  one  mile  south  of  Boseland.  The  analysiB 
follows : 

Analysis  of  gc^bro-nelsonite.  Nelson  County,  Virginia. 

810,    SI3 

A1,0, 5.19 

Fe.O,    11.38 

FeO 15.08 

MgO 8.67 

CaO  8.22 

Na.O  1.28 

K,0   0.50 

H.O—  0.45 

H,0+  0.75 

P.O.    4.84 

TiO,  10.00 

CI    0.01 

P   0.55 

s 0.2s 

MnO 0.28 

CO, Trace 

101.39 
Excess  O 0,30 

101.09 

The  rock  yielding  this  analysis  is  porphyritic  in  teiture,  with  lens- 
shaped  areas  of  light-colored  feldspar  (plagioclase)  about  1  cm.  in  diameter 
distributed  irregularly  through  a  very  dark,  medium-fine,  even-granular 
ground-mass  of  pyroxene,  ilmenite,  and  apatite.  A  little  pyrite  and 
pyrrhotite  are  visible  to  the  naked  eye. 
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nnder  the  microscope  a  thin  section  of  the  rock  shows  the  principal 
minerals  to  be  hypersthene,  feldspar  chiefly  plagioclase  (andesine  corre- 
spondiog  to  the  composition  Ab„Aii„)  with  very  subordinate  orthoclase, 
ilmenite,  apatit«,  and  occasional  grains  of  quartz  and  pyrite.  Hypersthene 
is  altered  partly  to  boniblende  vit3i  the  separation  of  black  grannies  of 
iron  oxide.  It  occurs  mostly  in  anhedral  crystals  of  irregular  shapes,  some- 
what rounded  at  times,  and  hae  weak  pleochroism.  Ibnenite  and  apatite, 
especially  the  latter,  manifest  a  t«ndency  toward  idiomorphic  outline  and 
are  more  plentiful  than  feldspar.  The  chief  feldspar  is  andesine  of  about 
the  composition  AbgjAn,^  formed  in  subhedral  and  anhedral  crystals  which 
show  characteristic  albite  twinning.  Maximum  extinction  on  sections  cut 
normal  to  the  albite  lamellae  is  15°.  Several  pieces  of  andesine  were  noted 
containing  spindle-like  intergrowths  of  microcline  or  orthoclase  extending 
nearly  across  the  host.  Plate  XXI,  fig.  1,  shows  a  photomicrograph  of  thu 
thin  section. 

The  norm  corresponding  to  the  analysis  above  is  as  follows : 

Norm  of  gabbro-nelsonite  corresponding  to  the  analysis  on  page  HO. 

Quartz    7.38 

Orthoclaae 2.78 

Albit*   11.00 

Anorthfte   6.95 

Hyperstbene 22.55 

Diopslde 1.51 

Magnetite   16.47 

Ilmentte  19.15 

Apatite 11.42 

Pyrite  0.42 

99.63 

Water  1.20 

ExceaaCLr 0.15 

100.98 

The  rock  is  a  new  one  and  is  the  first  recorded  representative  of  the 
rang  and  nibrang.  Rosflandaae  and  roselandose  are  suggested  as  appro- 
priate rang  and  eubrang  names.  The  position  of  the  rock  in  the  quantitative 
system  may  be  expressed  as  follows : 

Symbol:    IV.jj  3.  1.  2.    roselandase. 

rV.j|^3.  1.  2.  3.    roaelandoae. 
Bergenose,  an  ilmenite  norite  from  Storgang,  Soggendal,  Norway,  ia 
probably  the  closest   known   representative   to  roselandose,   yet   the   two 
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rocks  show  wide  differences  in  chemical  composition.    For  comparison  with 
roselandose  the  analysis  and  norm  of  bergenose  are  given  below. 

Analysis  and  norm  of  bergenose  (Umenite  norite)  from  Norway/* 

810.  

A1.0.    

Fe.O,    

PeO 

M»0    

CaO  

Na.O  

K.O  

H.O  

TiO.    

P.O.   


8.54 

24.52 

10.70 

Hypersthene    

1.03 

aWuhington,  H.  S.,  Prof.    Paper  14,  U.  S.  Geo).  Surrey,  1903,  pp.  3Q4-S«fi. 

According  to  Washington,  the  position  of  beigenose  in  the  qnantitatiTe 
system  may  be  expressed  as  follows : 

Symbol:    rv.j  3.  I.  1.  3.  bergenose. 

It  will  be  observed  that  both  rocks,  roselandose  and  bergenose,  are 
dofamanes  (class  IV),  while  roselandose  falls  into  subclass  II  and  bergenofle 
into  subclass  I.    Both  are  magnesiferrous  rocks. 

The  essential  characters  of  gabbro-nelsonite  may  be  stunmarized  briefly 
as  follows :  (a)  Porphyritic  texture,  the  even-granular  texture  hanng  been 
observed  in  only  one  case.  Light-colored  feldspar  (plagioclase)  is  the 
porphyritically  developed  mineral  and  is  distributed  irregularly  throagh 
a  very  dark,  even-granular  ground-mass  of  pyroxene  and  ore  minerala, 
chiefly  ilmenite  and  apatite,  (b)  Mineralogically,  the  rock  is  composed 
of  silicate  and  ore  minerals  in  unequal  amounts,  the  former  in  excess.  The 
chief  silicate  minerals  are  hypersthene  and  plagioclase  feldspar  of  the 
composition  of  andesine,  the  former  always  predominating,  and  the 
ratio  between  the  two  variable.  Minor  orthoclose  and  some  secondary  hom- 
blende  are  usually  present.  The  ore  minerals  are  ilmenite  and  apatite 
which  occur  in  large  but  Tarying  proportions.  Comparing  the  compoeiti<«i  of 
bergenoee  vrith  that  of  roselandose  (pagra  140  and  142),  it  will  be  observed 
that  bergenose  is  rich  in  ilmenite  but,  unlike  roselandose,  contains  ecaroely 
more  than  a  trace  of  apatite.  It  is  noteworthy  that  plagioclaee  (andeeiDe) 
of  similar  composition  is  likewise  characteristic  of  the  syenite  and  gabbro 
masses  of  the  Virginia  region,  (c)  Chemically,  the  rock  is  characterized 
by  low  silica,  alumina,  and  alkalies ;  high  iron,  magnesia,  and  lime ;  and 
by  unusual  richness  in  titanium  and  phoephoma. 
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Near  the  headwaters  of  Davis  Creek  several  pita  and  tunnels  have  been 
opened  in  prospecting  for  apatite,  but  the  openinga  were  caved  when 
visited  by  the  writers.  A  specimen  (85)  of  gabbro-nelsonite  was  foimd  on 
one  of  the  dumpe.  It  is  a  dark  brown  rock  consisting  of  feldspar  pheno- 
crysts  4  to  5  nun.  in  diameter  embedded  is  a  fine-grained  mixture  of 
pyroxene,  ihnenite,  apatite,  and  a  little  chlorite.  Under  the  microscope 
the  rock  appears  as  a  holocrystalline  granular  mixture  of  silicate  and  ore 
minerals,  the  former  in  largest  amotmt.  The  silicate  minerals  are  pyroxene 
(orthorhombic  and  monoclinic  forms),  feldspar  (chiefly  plagioclase  of 
andesine  composition  with  some  orthoclase  and  microcline),  and  an  occa- 
sional ahred  of  biotite.  The  ore  minerals  are  ilmeuite  and  apatite  in  nearly 
«qnal  amount.  Pyroxene  is  the  most  abundant  mineral  Micropoikilitic 
texture  is  developed  in  some  of  the  larger  plagioclase  individuals,  and  occa- 
sionally the  feldspar  shows  fractured  lamellee.  Apatite  and  ilmenite, 
especially  the  former,  show  marked  tendency  to  idiomorphic  outUne. 
Apatite  is  frequently  inclosed  by  the  pyroxene,  and  ilmenite  is  partly 
altered  to  leucoxene.     Sporadic  grains  of  primary  titanite  occur. 

One  mile  east  of  Bose  Union  are  many  pieces  of  gabbro-nelaonite  float 
(Specs.  135-A,  135-B,  and  136)  which  vary  considerably  in  appearance  and 
composition.  Specimen  135-A  is  a  fine-grained  rock  showing  gneissic 
structure,  the  feldspars  of  which  are  drawn  out  into  narrow  parallel  lines. 
The  principal  feldspar  is  andesine  (Ab4,An„)  containing  a  little  inter- 
grown  microcline.  Extinction  in  rhombic  sections  gives  15°  and  18°.  In 
addition  to  the  intergrown  microcline  there  are  inclnsions  of  quartz  grains 
(rarely  oriented)  and  apatite.  Ilmenite,  pyroxene,  and  apatite  occur  in 
small  grains.  Specimen  135-B  is  a  dark  gray  even-grained  rock  composed 
largely  of  pyroxene  with  lesser  amounts  of  ilmenite,  feldspar,  and  apatite. 
This  is  one  of  the  few  gabbro-nelsonites  that  do  not  show  porphyritic 
texture.  Specimen  136  was  found  in  the  same  vicinity.  It  is  a  floe- 
grained,  dark  gray  rock  composed  chiefly  of  pyroxene,  ilmenite,  and  apatite. 
Feldspar  could  not  be  identified. 

Under  the  microscope  a  thin  section  of  specimen  135-A  shows  the 
principal  minerals  to  be  hypersthene,  feldspar  (dominantly  intermediate 
plagioclase  near  andesine  and  occasional  orthoclase),  ilmenite,  apatite,  and 
a  few  grains  of  quartz.  The  feldspar  contains  inclusions,  and  shows  slight 
development  of  micropoikilitic  texture.  Ilmenite  is  partly  altered  periph- 
erally to  leucoxene.     Apatite  is  fairly  fresh  and  is  crossed  by  fractures. 
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Microscopicallj  specimen  135-B  has  the  same  mineral  composition  as  135-A. 
except  that  it  contains  less  feldspar.  Specimen  136  differb  chiefly,  under 
the  microscope,  from  specimens  135-A  and  135-B  in  the  absence  of  feldspar. 
Its  constituent  minerals  are  hypersthene,  apatite,  and  ilmenite,  together 
with  the  usual  alteration  products  derived  from  each.  In  each  of  the 
specimens  hyperatiiene  shows  pronounced  pleochroism :  X  =  yellowish- 
brown,  Y  =  reddish-brown,  Z  =  greenish.  A  photomicrograph  of  thin  sec- 
tion 135-A  is  shown  in  PI.  XX,  fig.  3. 

The  hypersthene  in  thin  section  No,  136  is  altered  to  a  matted  aggre- 
gate of  colorless  scales  of  talc  with  some  black  opaque  iron  ore  along  the 
cracks.  The  talc  scales  have  a  moderately  low  index  of  refraction  and  a 
strong  birefringence.  They  show  cleavage  parallel  to  their  length;  their 
elongation  is  optically  positive  (4-)  i  they  have  a  small  axial  angle  and 
are  optically  negative  { — ).  A  little  hornblende  (uralite)  occurs.  Nearly 
all  stages  of  alteration  of  hypersthene  to  talc  and  hornblende  (uralite) 
are  shown,  from  slight  rims  of  talc  and  uralite  to  chiefly  all  talc  and 
uralite  inclosing  nucleal  remnants  of  hypersthene.  Apatite  is  partly  in- 
closed both  by  ilmenite  and  by  hypersthene.  A  photomicrograph  of  the 
thin  section  is  shown  in  PI.  XXVIII,  fig.  8. 

Much  gabbro-nelsouite  float  (Spec.  52)  is  found  scattered  over  the 
surface  about  600  yards  southwest  of  Bryant.  The  feldspar  lenses  are 
about  0.5  cm.  in  diameter  and  some  of  the  feldspars  show  fine  multiple 
twinning.  The  loose  fragments  of  gabbro-nelsonite  which  litter  the  surface 
show  typical  pitted  surfaces  characteristic  of  nelsonitea  in  general  when 
long  exposed  to  weathering.  In  the  bluff  about  150  yards  to  the  north- 
east the  rock  (Spec.  53)  occurs  in  place,  but  it  has  more  the  appearance 
of  imperfect  banding.  Microscopically,  thin  sections  of  the  rock  show 
the  minerals  to  be  hypersthene,  feldspar  (plagioclase-andesine  with  occa- 
sional orthoclase),  ilmenite,  apatite,  and  several  small  anhedra  of  qnartz. 
Hypersthene  displays  the  usual  color  and  pleochroism,  and  shows  some 
alteration  along  cracks  to  probable  bastite.  The  principal  feldspar  is 
andesine  of  the  composition  Ab«oAii,o,  some  of  which  contains  long, 
narrow  bodies  of  intergrown  microcline  arranged  occasionally  in  two  set* 
crossing  at  different  stales;  and  as  irregularly  rounded  incloanreB  regu- 
larly arranged.  Extinctions  measured  on  rhombic  sections  gave  20°,  £1°, 
and  81.5°,  Ilmenite  is  partly  altered  peripherally  to  leuooxene.  The 
apatite  shows  some  fractures  but  otherwise  is  usually  fairly  fteeh.  Some 
hydrous  iron  oxide  stain,  derived  from  the  iron-bearing  minerals,  occois. 
Plate  XXI,  fig.  2,  is  a  photomicrograph  of  thin  section  of  specimen  52. 
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nite   on    Arrington-Ttoseland 
(hyperslhene).  apatite,   and 
ilinmrterH.     Specimen  No.  212. 


Vig.  2. — Galibro-nelaonite  tbree-«ighthB  of  a  mile  southwest  of  Bryant.  Shows  pyroxi 
(bypersttiene),  apatite,  ilmenite,  and  plagioclase  feldspar  <an<leaini!  inlerjiro 
with  orthoclase).     Nicob  crossed.     Krlarped  30  diameters.     Specimen  So.  52. 
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On  the  north  aide  of  the  county  road,  1.75  miles  south  of  Bryant, 
is  an  outcrop  of  gabbro-nelsonite  (Spec.  219).  Microscopically  the  rock  is 
closely  similar  to  the  gabbro-nelsonite  occurring  one  mile  south  of  Boseland, 
an  analysis  and  description  of  which  are  given  on  pages  140-141,  except 
that  the  feldspar  lenses  (phenocrysta)  axe  slightly  lai^r.  The  principal 
minerals  are  pyroxene  (hypersthene),  andesine  intergrown  with  niuro- 
cline  in  spindle-shaped  bodies,  ilmenite,  and  apatite.  The  usual  minor 
accessory  and  secondary  minerals  are  present.  A  photomicrograph  of  the 
thin  section  of  this  rock  is  given  in  PI.  XXI,  fig.  3. 

An  exposure  of  gabbro  (Spec.  330)  described  on  page  98,  containing 
an  nnusoal  amount  of  ilmenite,  is  exposed  near  by,  and  it  is  probable  that 
the  two  (gabbro  and  gabbro-nelsonite)  are  facies  of  the  same  rock  mass. 

Just  west  of  the  county  road,  1.35  miles  south  of  Bryant,  abundant 
loose  pieces  of  typical  gabbro-nelsonite  (Specs.  89  and  90)  showing  char- 
acteristic pitted  weathering  litter  the  surface.  In  the  same  vicinity  a 
similar  rock  is  found  which  contains  lenses  of  blue  quartz  ranging  up  to 
3  or  4  cm.  in  length  and  1  cm.  in  width  embedded  in  an  even-granular 
mixture  of  pyroxene,  ilmenite,  and  apatite.  Feldspar  could  not  be 
identified  in  the  hand  specimen  but  the  rock  probably  represents  a  phase 
of  the  gabbro-nelsonite  and  may  belong  to  the  same  rock  mass.  A  thin 
section  under  the  microscope  shows  the  chief  ferromagnesian  silicate  min- 
eral (pyroxene)  to  be  greatly  altered  and  of  doubtful  identification.  Some 
biotite  and  hornblende,  apatite,  ilmenite,  and  quartz  complete  the  list  of 
minerals.  Quartz  carries  hairlike  inclusions  of  rutile,  and  shows  wavy 
extinction  and  granulation.  Ilmenite  and  apatite  display  their  usual 
characters. 

Chemical  Comporition  of  the  ITelionitei. 

In  the  accompanying  table  are  assembled,  for  convenience,  eight 
analyses  of  the  several  varieties  (except  hornblende-  and  gabbro-nelsonite) 
of  nelsonite,  arranged  in  the  order  of  increasing  TiO,.  The  molecular 
ratios  of  the  oxides  are  given  below  the  percentage  figures.  The  analyses 
will  give  a  fair  idea  of  the  composition  of  the  rocks,  more  especially  the 
range  in  the  important  constituents,  TiO„  FCjOj,  FeO,  CaO,  and  PjOj. 
The  variations  of  these  and  of  several  of  the  important  lesser  constituents 
are  best  shown  by  comparing  their  molecular  proportions  graphically  in  the 
diagram,  fig.  10,  which  is  constructed  from  the  analyses  in  table,  page  147, 
by  plotting  the  molecular  proportions  of  the  oxides  as  ordinates,  taking 
those  of  titania  as  abecias&s. 
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Detailed  study  of  the  diagram  shows  irregularity  in  the  variations  of 
the  principal  oxides,  especially  FeO  and  FcjO,.  The  lines  representing  the 
molecular  proportions  of  these  two  oxides  are  antagonistic,  except  in  the 
right  half  of  the  diagram  both  decrease  but  not  to  the  same  extent.  Fe,0, 
shows  a  general  tendency  to  decrease  with  increasing  TiO,  but  it  is  marked 
by  great  irregularity.  This  irregularity  in  FeO  and  Pe,0,  when  compared 
with  TiO,  accords  with  the  variable  proportions  of  the  minerals  nitile, 
ilmenite,  and  magnetite  present  in  the  rocks.  Of  these  minerals,  thoee 
rocks  represented  on  the  left  of  the  table  contain  magnetite  and  ilmenite, 
while  thoi^e  on  the  right  contain  chiefly  rutile  with  minor  ilmenite. 

There  is  closer  correspondence,  however,  between  the  lines  reprceenling 
the  molecular  proportions  of  CaO,  PjO,,  and  F  in  the  mineral  apatite,  but 
are  antagonistic  to  those  of  FeO  and  Fe,Oj,  which  empha8i2es  irregularity 
in  the  ratio  of  the  principal  minerals  composing  the  rocks,  apatite  to  the 
dark  iron  and  titanium-bearing  minerals,  magnetite,  ilmenite,  and  nitile. 

Such  irregular  variations  are  noted  not  only  in  closely  related  rocks 
but  in  different  parts  of  the  same  rock  mass,  and,  as  in  this  case,  correspond 
to  variations  in  the  proportions  of  the  essential  minerals." 

"ItidingB,  J.  P.,  12th  An.  Rept.,  U.  S.  Geol.  Survey.  1890-91,  pt,   1.  p.  630. 
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Analyses  of  netsoniles  from  Nelson  County,  Virginia. 
(Wu.  M.  Thobntoit,  Jb.,  Analgtt.) 


I     t     II 

111          IV 

V 

VI 

VII 

vni 

TiO,                

15.78  1  16.48 
.198,      .207 

31.45  1  43.34 
.235       .272 

37.00     37.68 
.462       .471 
4.31       2.70 
.027       .017 

26.52  '  29.14 

41.46 

.518 
15.59 

.098 
23.57 

.328 
0.50 

.012 
9.03 

.161 
7.59 

.053 
0.63 
0.87 
0.17 

.011 
Trace 
1.65 

.027 

0.26 

.004 

Trace 

42.84 

.535 
11.12 

.069 
27.93 

.388 
0.72 

.018 
6.34 

.149 
6.89 

.048 
0.15 
0.58 
0.21 

.011 
0.01 
0.70 

.011 

0.18 

.003 

Trace 

65.90 

.824 
3.65 

.023 
7.95 

.110 
0.25 

.006 
11.13 

.199 
8.14 

.057 
0.21 
0.35 
0.34 

.018 
None 
0.96 

.016 

0.26 
.004 
Trace 
1.61 
.050 

69.67 

Fe,0, 

.871 

2.87 

PeO 

.018 
5.04 

.280 
0.04 

.016 
12.73 

.227 
9.40 

.066 
0.20 

.258 
0.66 

.016 
5.48 

.098 
4.98 

.035 
0.51 
1  R-> 

.368 
1.11 
.027 
16.33 
.291 
13.08 
.092 
0.09 
0.59 
0.98 
.051 

.405 
0.50 
.012 
16.05 
.286 
12.48 
.088 
0.03 

"iM 
.053 

.069 

.004 

.217 

.066 

0.11 

p    

0.23  '    0.26 

.012       .014 

Trace   Trace 

0.70 

.037 

.021 
ad 

0.10 

.002 
0.-J4 

.1103 
0.23 

.071 
3.45 

.034 
0.15 

.003 
0.45 

.005 
0.12 

.009 

0.38 
.005 
Trace 
1.45 
.045 

Trace 

i'.if 

.036 

.011 

MnO    

CO. 

.008 

UsTsr 

0.09 
99.42 

.001 
Trace 
Trace 

S  

0.34 
.011 

I-ess   0 

100.35 
0.11 

102.41 
0.79 

100.78 
0.72 

101.22 
0.07 

99.67 
0.09 

100.74 
0.54 

101.21 
0.39 

100.24  !l01.62  ,100.06 

101.15 

99.58 

100.20 

100.82 

I.     Magnet it«-biotit«  nelsonite  dike  on  the  Dillard   fano  2  miles  flouthweat  of 
LovingBton. 
II.    Magnetite-biotite  neleonite  dike  on  John  Stevens  fartn  about  half  a  mile  west 
of  Loving* ton. 

III.  llinenit«  nelsonit«  trom  ore-dump  at  General  Electric  Co. 'a  mine,  1.7S  miles 

northwest  of  Boee'a  Mill. 

IV.  Ilmenite  nelsonite  front  ore-dump  at  General  Electric  Co.'s  mine,   1.75  miles 

northwest  of  Rose'a  Mill.     Probably  taken  from  No.   1  vein  in  the  adit 
level. 
V.     Ilmenite  nelsonite  dike  on  Higfat  place  about  1.7G  miles  west  of  north  from 

Roaeland. 
VI.     Ilmenite  nelsonite  dike  on  Rhelton  farm  about  1  mile  northwest  of  Roseland. 
VII.     Rutile  nelsonite  dike  on  the  Giles  tract  near  Roeeland. 

VIIl.    Rutile  nelsonite  from  ore-diuop  of  adit  level.  General  Electric  Co.'s  mine, 
1.76  milee  northwert  of  Rose's  Mil). 

The  norms  calculated  from  the  analyses  in  the  table  m  page  147.  are 
given  in  the  annexed  table. 


3d  by  Google 


OEOLOOY   OP  THE   TITANIUM   ASD  APATITS   DEPOSITB. 


Norms  of  nelsonitet 

I 

n 

in 

rv 

V 

VI 

vn 

vm 

Onartz 

0.42 
2.78 
1.57 
2.65 

"iM 

3i!3i 

12.06 
35.20 

'i:26 
S2.46 

'4!32 
9.36 

30.91 
2.76 
0.66 

1.6S 

11.76 
16.13 

'6:73 

'i'.n 

i3!22 

■3:68 

58.96 

0.42 

LSI 

0.67 

"d.ib 

30.10 
19.72 
23.04 

Nepbelfte   

Hyperstbem  

Dfopslde  

Olivine    

0.40 

2.72 
5.76 
29.57 
2.18 
0.03 

16.38 
16.20 
17.81 

"i.W 

M.Sfi 

22.18 

9.74 

19.15,  22. is 

Water 

1.11 

2.18 

0.56'    0.20 

Less  ezceas  OaO 

98.79 

99.46 

101.75 

100.91 
0.39 

101.30 

99.74100.86 

100.99 

100.52 

Clauifioation. 

Oid  system  of  classification. — The  range  in  mineral  composition  of 
neleonite  would  be  designated  in  the  older  terminology,  as  stated  above,  hj 
the  names  ilmenite  neUonite,  rutile  nelsonit»,  magnetite  neUonitt,  hont- 
blende  or  biotite  nelsonite,  and  gaibro-nelsonite,  the  mineral  preflsee 
denoting  special  richness  in  these  minerals.  As  already  stated,  the  normal 
nelsonite,  the  most  abundant  varietal  form  of  the  rock,  is  an  eTen-grannlor 
mixture  of  ilmenite  and  apatite  in  somewhat  variable  proportions. 

New  quantitative  system  of  classification. — The  positions  in  the  qnanti 
tative  system  of  classification  of  the  eight  rocks  corresponding  to  the  norms 
in  the  table  above  may  he  expressed  as  follows : 


So. 

Symbol 

Name  proposed 

L 

in. 

v-n. 

5 

(2)3.  (2)3.  (4-6). 
5.  5.  (2)3.  5. 

rv. 

V. 

vt 
vn. 

v-n. 
v-n 
v.n 

5 

5.  5.  (2)8.  5. 

6.  4.  2(3).  5. 
5.  4(5).  2.  5. 
5.   (1)2.  6. 

NelsoDose 

vm 

V.IL 

6 

5.  4.  5. 

Vlrginose 

r  P,0|  too  high,  which  makea  a  differeiiM  in  duaiflca 
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These  are  unoccupied  positions  in  the  new  Bystam  of  classification,  but 
for  reasons  given  in  the  discossion  nnder  individual  varietal  forms  of 
neisonite  only  two  new  names  are  suggested  at  this  time."  As  developed 
in  the  descriptions  on  pages  100  to  145,  the  rocks  represented  by  the 
analyses  in  the  table  on  page  147,  and  grouped  under  the  field  name  nel- 
sonite,  are  unique  in  composition  and  represent  new  and  extreme  nltrabasic 
igneous  rock  types.  In  composition  they  are  all  alike  in  containing  apatite 
as  one  of  the  essential  minerals.  They  are  unlike  as  to  mtile,  ilmenite,  or 
magnetite  being  the  predominant  dark  ore  mineral.  The  two  types  are 
represented  by  the  analyses  in  columns  TV  and  VIII  of  the  table,  the 
others  being  regarded  more  as  gradational  f acies  and  therefore  intermediate 
in  composition  between  the  two  principal  types. 

As  shown  in  the  summary  above,  all  the  analyses  of  nelsonites,  except 
hornblende  nelsonite  and  gabbro-nelsonite  (not  included  in  the  table  of 
analyses  above,  page  147),  fall  into  class  V  (perfemane),  but  into  subrang 
positions  of  range,  sections,  and  orders  not  yet  named.  It  is  therefore 
proposed  that  new  names  be  given  to  those  varietal  forms  of  nelsonite  which 
fall  within  the  limits  of  the  classificatory  scheme. 

The  two  analyses  of  hornblende  nelsonite  and  the  single  analysis  of 
gabbro-nelsonite  are  not  included  in  the  table  of  analyses  on  page  147,  but 
are  given  under  the  separate  descriptions  of  the  two  types  on  pages  135  and 
140.  The  two  analyses  of  hornblende  nelsonite  fall  into  class  lY 
(dofemane)  near  class  V  (perfemane)  but  are  classed  as  of  IV.  Th^ 
occupy  border  positions  in  the  classificatory  scheme,  hence  it  is  thought  beet 
not  to  suggest  a  new  name  for  them.  The  analysis  of  gabbro-nelsonite  falls 
into  class  IV  (dofemane)  but  into  rang  and  subrang  positions  not  yet 
named.  The  names  roselandase  and  roselandose  are  proposed  as  appropri- 
ate rang  and  subrang  names  for  this  rock. 

Referring  to  the  table  of  analyses  on  page  147,  IV  and  VIII  represent 
analyses  of  fairly  fresh  material;  I  less  fresh  and  more  or  less  altered, 
as  shown  both  under  the  microscope  and  by  the  analysis.  Of  these  IV  is 
the  normal  type,  and  since  nelsonite  was  originally  proposed  by  the  senior 
writer  for  it,  the  subrang  name  nelsonose  is  suggested  for  its  designation 
in  the  quantitative  system.  Likewise  the  subrang  name  virginose  is  pro- 
posed for  VIII. 


«The  analyses  which  follow  on  pages  126  and  13E,  of  magnetite,  biotite,  and 
hornblende  neUonitea  are  new  and  do  not  correspond  to  any  known  rocks,  but  since 
tbey  occnpy  border  positiona  in  the  olaBsifleatory  scheme  wagmatic  namea  are  not 
•uggeeted  for  them.  It  is  probable  that  an  analysis  made  on  fresh  speoimena  of 
magnetite-biotite  nelsonite  similar  to  the  occurrence  on  the  Dillard  farm  near 
Loringston  will  remove  the  rock  from  a  border  position,  which  if  true  and  Is  not 
then  occupied,  the  subrang  name  lomnfrslonose  is  Huggeeted  as  appropriate. 
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The  positions  of  these  two  new  rock  types  in  the  quantitative  system 
may  be  summarized  aa  foUowB: 


No. 

Symbol 

Name 

IV. 

V.,1.5. 

virginare. 

V.n.5.  5. 

virglnore. 

V.n  5.  5.  3. 

oelsonase. 

V.II.5.  5.  3.  5. 

nelsonose. 

vin. 

V-II  5. 

virglnare. 

V.II.5.  5. 

virginore. 

V.U.5.  5.  4. 

virgioase. 

V.n5.  5.  4.5. 

virgiDose. 

These  norms  place  the  rocks  in  the  perfemane  class;  Xo.  IV  in  the 
calciminic  section,  and  in  the  preferrous  aubrang;  So.  VIII  in  the  docalcic 
section,  and  in  the  preferrous  subrang.  Since  these  are  the  first  recorded 
representatives  of  the  two  subrangs,  nelsonoxe  {IV)  and  virginose  {VIII) 
are  suggested  as  appropriate  subrang  names.  It  is  worthy  of  note  that 
there  are  no  known  rocks  whicli  stand  near  nelsonose  and  virgitioxe. 
Adirondackore  and  ehaniplainore  {titaniferous  iron  ores)  are  grouped  in 
the  dofemane  class,"  but  resemble  in  chemical  composition  the  Virginia 
rocks  in  containing  high  percentages  of  titanium  and  Iron  oxides. 

Since  I  docs  not  represent  fresh  material,  and  the  norm  gives  it  a 
border  posilioii  in  the  quantitative  system,  it  is  thought  best  to  await 
securing  fresh  material  for  a  more  satisfactor}'  chemical  analysiB  before 
proposing  a  name  for  it.  In  the  event  of  a  satisfactory  analysis  made  of 
fresh  material,  lofingxlonose  is  suggested. 

Cla^sifiration  of  nehomies  compared  wiih  that  of  titaniferous 
magneiites. — The  Virginia  nelsonites  are  probably  more  closely  allied  to 
the  titaniferous  magnetite  ore-bodies  of  the  eastern  United  States  and 
northern  Kurope  than  to  any  other  known  type  of  rock.  The  two  are 
essentially  different  and  are  strongly  contrasted  with  each  other  in  many 
particulars,  yet  they  present  some  points  of  similarity.  Because  of  this 
fact  aud  for  conveuience  of  comparison  we  give  in  tabular  form  below  the 
position  in  the  quantitative  system  of  four  analyses  of  titaniferous 
magnetite  ores  from  New  York  (-i)  and  Sweden  {!),  which  are  regarde<l  as 
igneous  in  origin. 


oWashinfrton,  H.  S.,  ProfcBsional  Pap«r  So.  14,  U.  S.  Geol.  .Survey,  11103,  p.  : 
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Quantitative 

lassification  of  titaniferous  m 

agneiite  ores. 

Locality 

Symbol 

Name 

Authority 

Essex  Co..  New  York. 
Essex  Co..  New  York. 
Sanford.  New  York... 
Tabei^.   Sweden 

IV.  4.  2.  1.  1.  4. 
IV.  4.  3.  1.  1.  4. 

V.  5.  2.  1.  1.  5. 

V.  3.  4.  1.  1.  2. 

Adiron- 
dackiase 
Cham- 
plainiase 

Washington'a  Tables, 

p.  364. 
Wa-shinRton's  Tables, 

p.  364. 
Soh.  M.  Quart..  XX, 

p.  344. 
Seh.  M.  Quart.,  XXI. 

p.  60. 

Qeneais. 

The  nelsonite  bodies  of  dikelike  form,  described  in  the  preceding  pages 
of  this  report,  occur  in  the  midst  of  rocks  of  igneous  origin  that  have  been 
intensely,  though  unequally,  metamorphosed,  and  in  which  the  nelsonites 
have  also  shared.  The  natural  inference  would  be  that  the  nelsonite  bodies 
were  likewise  formed  by  igneous  action.  They  are  found  principally  in  the 
syenite  of  the  Roseland  district,  but  occur  also  in  a  few  places  in  the 
outside  gneiss,  and  entirely  in  gneiss  in  the  Lovingston  district.  The 
distribution  of  the  nelsonite  in  the  Roseland  district  is  near  the  southeast 
border  of  the  syenite  (map,  PI.  I). 

The  genetic  relationship  of  the  nelsonite  bodies  to  the  inclosing  rocks 
is  shown  (1)  by  their  close  association,  and  (2)  in  the  similarity  of  the 
minerals  composing  them.  The  principal  minerals  in  the  nelsonite  bodies 
have  been  shown  to  be  ilmenit«,  rutile,  magnetite,  and  apatite,  together 
with  the  same  accessory  silicate  minerals  that  form  the  chief  constituents 
of  the  surrounding  rocks.  However,  the  occurrence  of  silicate  minerals 
in  the  nelsonites  is  extremely  irregular  in  distribution  and  amount,  often- 
times present  if  at  all  in  such  minute  quantity  as  not  to  be  observed  in 
hand  specimens,  and  even  in  thin  sections  only  a  sporadic  grain  may  be 
identified.  On  the  other  hand  they  are  frequently  present  in  amount  as 
to  be  readily  recognized  in  hand  specimens  as  well  as  in  thin  sections  of 
the  rock. 

The  ore  minerals  composing  the  nelsonite  bodies  likewise  enter  into 
the  composition  of  the  inclosing  rocks  as  minor  accessory  minerals. 
Between  these  two  extremes  are  dikes  of  gabbro-nelsonite,  composed  of  large 
but  unequal  proportions  of  silicate  and  ore  minerals,  which  may  be  con- 
sidered as  the  connecting  link  between  the  nelsonites  proper  and  the 
gabbroic  type  of  silicate  rocks.  In  general  then  the  rocks  differ  from  eacii 
other  in  mineralogy  more  in  the  proportion  than  in  the  kind  of  mineral! 
composing  them. 
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The  field  evidence  gained  from  a  study  of  exposures  of,  and  openings 
made  in,  the  nelsonite  bodies  is  sufficient  to  indicate  their  general  form 
or  outline.  They  show  marked  irregularity  in  direction  of  both  dip  and 
strike  but,  in  general,  they  are  roughly  tabular  in  form  with  the  longer 
axis  parallel  to  direction  of  strike.  In  most  cases  they  appear  to  conform 
to  the  structure  of  the  inclosing  rock,  but  there  are  a  few  instances  in 
which  they  cut  across  the  structure.  Some  afford  evidence  of  gradation 
at  the  walls  into  the  inclosing  rock  while  others  show  sharply  defined 
contacts  or  walls,  with  complete  differentiation  of  nelsonite  and  inclosing 
rock, 

A  conspicuous  feature  of  the  nelsonite  bodies,  especially  the  dominant 
or  normal  variety  ilmenite  nelsonite,  is  their  remarkably  uniform  granu- 
larity from  wall  to  wall,  the  size  of  grain  being  entirely  independent  of 
width  of  the  body.  Wherever  observed  in  the  numerous  bodies  the  size 
of  grain  is  the  same  at  the  contacts  as  in  the  center  and  is  uniform  for 
both  large  and  small  bodies,  whether  1  foot  or  60  feet  in  width.  Another 
feature  is  the  entire  lack  of  contact  phenomena  along  the  walls  of  these 
bodies.  These  characteristics,  especially  that  of  uniform  granularity, 
together  with  that  of  sharp  boundaries,  are  regarded  as  indicative  of  the 
conditions  under  which  they  were  formed,  namely,  intruded  at  depth  into 
the  still  hot  and  possibly  unsolidified  rocks  inclosing  them.  Under  those 
conditions  it  is  conceived  that  all  portions  of  the  nelsonite  magma  were 
free  to  solidify  uniformly. 

In  a  few  instances  the  nelsonites,  especially  those  of  the  mtile  variety, 
are  banded,  layers  of  apatite  alternating  with  those  containing  the  dark 
titanium  minerals  chiefly  rutile — a  structure  similar  to  that  shown  in 
some  magnetites  of  the  eastern  United  States  and  northern  Europe,  whose 
origin  is  now  generally  agreed  to  be  igneous.  The  banded  stnictnre, 
however,  in  the  Virginia  nelsonites  is  the  exception,  for  vastly  the  majority 
of  them  do  not  afford  the  slightest  evidence  of  such  structure,  but  are 
entirely  massive  granular. 

The  rutile  (high  titanium)  nelsonites  afford  evidence  of  having  formed 
somewhat  in  advance  of  the  lower  titanium-bearing  or  ilmenite  nelsonites, 
as  they  often  have  the  appearance  of  segregations  rather  than  instrusive 
bodies  because  of  their  gradations  along  the  walls  into  the  inclosing 
syenite.  They  are  regarded  as  having  formed  practically  contemporaneously 
with  the  8yenit«  by  a  process  of  differentiation  in  place  (magmatic  eegre> 
gation).  On  the  other  hand  the  ilmenite  nelsonites  which  asnally  exhibit 
sharp  boundaries,  probably  represent  intmsives  at  great  depth  into  the 
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still  hot  rocks  either  before  or  soon  after  complete  solidification,  for  the 
ore-bodies  are  remarkably  uniform  in  granularity  from  wall  to  wall, 
indicating  that  all  portions  of  the  mass  solidified  practically  uniformly. 

The  magnetite  and  biotite  nelsonites  which  penetrate  the  outside  gneiss 
frequently  show  evidence  of  segregation  along  the  walls,  and  difference 
in  the  proportion  of  minerals  in  the  center  and  along  the  border  portiona 
of  the  bodies. 

From  the  evidence  at  hand,  therefore,  it  seems  probable  that  some  of 
the  nelsonite  bodies,  especially  those  of  the  rutile  variety,  separated  in 
place  from  the  cooling  magma,  while  others,  such  as  the  ilmenite  variety, 
probably  formed  a  little  later  but  at  great  depth,  possibly  before  the  magma 
giving  rise  to  the  inclosing  rock  had  solidified,  and  while  it  was  still  hot. 
While  these  differences  are  shown  in  places,  the  general  principle  under- 
lying the  formation  of  these  bodies  is  not  affected  by  possible  minor 
variations  in  details  of  genesis,  whether  some  represent  differentiation  in 
place  and  are  normal  magmatic  segregations,  and  others  were  formed 
later  but  before  the  magma  had  solidified,  representing  possibly  an  inter- 
mediate type  between  true  magmatic  segregations  and  normal  igneous 
intrusions. 

Broadly  interpreted  from  present  available  evidence  the  writers  regard 
the  formation  of  the  nelsonite  bodies  to  have  been  due  to  processes  more 
closely  allied  to  magmatic  segregation  than  to  true  dike  form  of  intrusion. 
Their  formation  in  other  words  is  regarded  as  a  segregation  or  differen- 
tiation facies  of  the  igneous  rocks  inclosing  them,  somewhat  similar  in 
mode  of  genesis  to  the  well-known  titaniferous  magnetite  ore-bodies  in 
gabbros  and  anorthosites,  with  which  they  present  many  points  of  similarity. 
They  represent  differentiations  from  the  magma  which  gave  rise  upon 
cooling  to  the  syenite  and  other  igneous  rock  types  in  the  area. 

Additional  evidence  in  favor  of  this  hypothesis  is  furnished  by  the 
distribution  of  the  ore-bodies  within  the  syenite  area;  the  nelsonites  are, 
for  the  most  part,  strung  out  near  the  southeastern  border  as  are  also  those 
portions  of  the  syenite  which  are  most  highly  titaniferous — such  as  the 
deposits  on  the  property  of  the  American  Rutile  Company. 

It  was  thought  that  accurate  determinations  made  of  the  melting  points 
of  the  principal  minerals  (ilmenite,  rutile,  and  apatite)  of  the  nelsonite 
bodies,  when  compared  with  the  melting  points  of  the  same  minerals  known 
to  have  formed  by  processes  other  than  igneous,  might  possibly  shed  some 
light  on  the  genesis  of  the  rock.  A  careful  search  of  the  literature  un- 
fortunately indicated  that  trustworthy  data  bearing  on  this  subject  were 
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very  meager,  so  that  conclusions  based  on  a  comparisoa  of  the  melting  point 
of  the  same  mineral  formed  under  different  conditions  can  not  l>e  stated  at 
this  time. 

Carefully  prepared  specimens  of  tlie  rutile,  ilmenite,  and  apatite  of 
the  nelsonite,  and  of  rutile  from  the  syenite,  were  separated  from  the 
rocks  and  cleansed  as  thoroughly  as  possible,  and  sent  to  the  Bureau  of 
Standards,  Washington,  D.  C,  for  an  accurate  measurement  of  their  melt- 
ing points.  The  results,  including  a  similar  determination  made  on  one 
of  the  rocks  {ilmenite  nelsonite),  are  tabulated  below. 

Table  of  metlUig  potnlx  of  rultle,  Umenite,  and  opatUe  from  Sehon 

County,  Virginia. 

I  Detprmineii  by  the  Bureau  of  Standards,  Washington,  D.  C. ) 


Bock  Mineral 


Nelsonite 
Nelsonite 
Nelsonite 
Syenite 
Ncl9onite 
(variety  ilmcnitc) 


Rutile 
Ilmenite 
Apatite 
Rutile 
Ilmenite  and  apatite 


1700 
1390 


A  statement  of  the  methods  used  in  determining  the  melting  points  of 
the  five  samples  tabulated  alwve  was  communicated  to  the  State  Geologist, 
in  1!H0,  bv  Dr.  W.  F.  Hillebrand,  Acting  Director,  Bureau  of  Standards. 
It  follows: 

The  specimeOB  were  heated  in  a  grB.phite  resintance  vacuum  furnace.  They  were 
placed  in  platinum  crucibles  except  in  the  case  of  the  apatite,  which  was  heated  in 
^nphite  cnicihieti  and,  in  one  caw,  in  a  magnesia  crucible.  The  minerals  were 
adet|uiiti'ty  pruto'tcd  from  any  carl>on  monoxide  or  other  substances  given  off  by  the 
graphite  henler,  e-veept  in  the  ease  of  the  apatite.  However,  this  did  not  appear  to 
be  contaminated.    The  temperatures  were  determined  with  an  optical  {urometer. 

Two  methodH  of  determining  the  melting  point  were  used:  In  one  the  mineral 
wax  heated  in  an  open  crucible  and  the  point  at  which  it  llowed  was  observed  visu- 
ally. This  method  is  not  always  reliable  because  some  mineraU  are  so  viscous 
when  melted  that  they  do  not  flow  visibly  until  the  temperature  is  considerably 
above  their  melting  points.  In  this  method,  there  is  also  a  chance  of  an  error  of 
a  few  degrees,  owing  to  the  fact  that  the  radiation  from  the  inside  of  an  open 
crucible  may  not  be  exactly  that  of  a  black  body. 

In  the  other  method,  which  is  the  more  reliable,  the  crucible  was  covered,  save 
for  a  small  opening  through  which  the  temperature  was  observed,  thus  giving  black 
body  conditions,  and  a  beating  curve  was  plotted. 

'Che  results  by  the  two  methods  were  always  in  close  agreement,  for  it  happens 
that  nil  the  minerals  submitted  became  quite  fluid  when  melted.  The  melting  points 
are  quite  sharply  defined,  except  that  of  the  rock,  No,  S,  which  is  a  little  let« 
sharply  defined  than  those  of  the  otlier  specimens,  as  was  to  be  expected  from  its 
heterogeneity. 
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In  the  case  cf  many  minerals,  the  comprs  of  sharp  fragments  are  rounded  at 
temperatures  considierably  below  tlie  true  melting  pointj  indicated  by  the  hentinp 
curve.  This  occurred  in  the  case  of  the  apatite  and  the  rutile  samples,  and  appar- 
ently to  some  extent  in  the  case  c)f  the  ilmenite.  The  sintering  of  powders  at 
temperatures  below  the  melting  point  was  also  observed.  But  in  all  cases  except 
that  of  No.  5  the  change  from  a  solid  with  rounded  corners  to  a  liquid  of  quite  low 
viscosity  was  very  distinct  and  definite. 

In  October,  1911,  Mr.  AV.  M.  Slater,"  President,  American  Rutile  Com- 
pany, submitted  a  sample  of  his  higli-grade  rutile  concentrates  (95-98  per 
cent  TiO;)  to  llie  U.  S.  Bureau  of  Standards  for  measuring  the  melting 
[)oint.  The  rutile  was  found  to  melt  at  1715°  C,  but  under  certain  con- 
ditions melting  was  observed  as  low  as  1690°  C,  which  Director  Stratton 
stated  was  very  likely  the  result  of  slow  decomposition  of  the  TiO^  into  a 
lower  oxide  of  titanium. 

Snmmary  of  QaantitatiTe  Clatiification  of  Nelflonites. 

The  six  varittal  forms  of  nelsonite  recognized  in  the  Amherst- Nelson 
counties  region  and  described  in  the  preceding  pages  of  this  report  repre- 
fient  new  rock  types.  For  reasons  previously  stated  new  names  in  the' 
quantitative  system  are  proposed  at  this  time  for  only  three  of  the  six 
ty[>es.     These  may  be  summarized  below  as  follows: 


Symbol 


Old  name 


Ilmenite  nel.sonite. 


\  -jj  5.    virginare. 
V.jj  3.  5.     virginore. 
V.jj  o.  5.  3.    nelsonase. 
V.j]^5.  5.  3.  5.    nelsonose. 

V.ji  5,    virginare.  Rutile  nel.ionite. 

V.j[  o.  5.     virginore.  ! 

V-ii  5.  5.  4.     virglnase. 

V.i|_5.  5.  4.  5.    virglnose.  , 

IV. JJ  3.  1.  2.    roselandasc.  Gabbro  nrbonitc. 

IV.jj  3.  1,  2.  3.    roselandose. 

Diabase. 

ISTRODLCTORY    STATEMENT. 

The  rocks  grouped  under  this  heading  occur  only  as  dikes.    They  show 
in  thin  sections  under  the  microscope  the  development  of  two  contrasted 

I  from  Mr.  Slater,  Dec.  4.   1011. 
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textures,  diabaaie  (ophitic)  and  fine,  even-grannlar,  corresponding  to 
diabase  proper  and  basalt,  respectively.  They  are  closely  similar  in  nuneral 
composition  and  are  grouped  here  nnder  the  single  heading,  with  a  state- 
ment of  the  kind  of  texture  of  each  noted  in  the  description  of  individual 
occurrences. 

DISTBIBDTION   AND  LITHOLOOIO  0HABA0TER8. 

Diabase  dikes  varying  in  width  from  a  fraction  of  an  inch  to  25  feet 
and  over  occur  at  many  places  in  the  area.  They  are  the  youngest  of  the 
series  of  intruded  rocks  and  may  be  found  penetrating  all  the  earlier  for- 
mations. They  are  confined  chiefiy  to  the  nitile-bearing  rocks  of  the  large 
syenite  area,  but  are  observed  in  several  places  cutting  the  surrounding 
gneiss.  (See  Pla.  XXII,  XXIII,  and  XXIV,  for  photographs  of  diabase 
dikes  near  Roseland.) 

They  are  fine-grained  rocks,  dark  gray  to  almost  black  in  color,  which 
show  under  the  microscope  fine,  even-granular  (basalt)  to  typical  ophitic 
(diabasic)  texture,  and  the  principal  minerals  plagioclase  feldspar,  augite, 
and  titaniferous  magnetite.  The  sulphides,  pyrite  and  pyrrhotite,  are 
usually  present  in  small  quantity.  In  common  with  other  rocks  of  the 
area  the  diabase  shows  evidence  of  metamorphism  but  not  to  the  same 
extent.  Megascopically  the  only  alterations  observable  are  the  production 
of  epidote  and  the  development  in  some  instances  of  a  slight  schistose 
structure.  No  gradational  rocks  intermediate  in  composition  between 
diabase  and  the  other  rock  types  occur  and  there  was  evidently  a  consider- 
able time  interval  between  the  formation  of  the  earlier  rocks  and  the 
intrusions  of  diabase.  The  former  rocks  solidified  under  conditions  of 
deep  burial,  but  the  latter  (diabase)  were  not  intruded  until  much  over- 
lying material  had  been  removed  and  the  rocks  were  nearer  the  surface, 
for  in  many  places  they  follow  joint-planes  and  fractures  in  the  older  rocks. 

UIOKOSCOPIO  CHABACTEB. 

Examined  in  thin  sections  under  the  microscope  the  intrusive  rock  is 
found  to  contain  augite  partially  or  wholly  altered  to  hornblende,  plagio- 
clase feldspar,  magnetite,  a  little  orthoclase,  and  apatite.  Sometimes 
olivine  and  biotite  are  also  present  in  small  amounts,  and  scattered  grains 
of  pyrite  are  noted.  Clusters  of  minute  brown  rutile  crystals  were  observed 
in  thin  section  No.  144.  The  secondary  minerals  are  a  little  leucozene, 
minute,  granular,  black  iron  oxide,  and  less  commonly  chlorite,  pale  green 
fibrous  amphibole  (uralite),  pleochroic  brown  biotite,  epidote,  and  zoiaite. 
Calcite  was  not  identified  among  the  secondary  products  in  thin  sections. 


3d  by  Google 


DIABASE.  157 

The  texture  of  the  rocke  is  variable,  ranging  from  fine  ^rannlar,  in 
vhich  the  chief  minerals  are  formed  in  grains  of  approximate!;  eqnal  size 
aod  of  nearly  equal  dimensions,  to  typical  diabasic  or  ophitic,  in  vhich 
the  augite  fills  the  interstices  between  the  interlacing  lath-ahaped  feldspars. 
On  the  basis  of  micro-teztnre  the  rocks  grouped  here  tinder  diabase  would 
be  more  accurately  classified  into  (a)  basalt  of  fine-grained,  even-granular 
teztare,  and  (h)  diabase  of  pronounced  ophitic  texture.  In  each  of  these 
types  the  larger  augites,  feldspars,  and  occasional  olivines,  are  sometimes 
scattered  through  a  fine-grained  ground-mass  constituting  a  micro- 
porphyritic  (basalt-porphyry)  facies.  With  only  one  exception  (Spec.  144) 
the  thin  sections  show  an  advanced  stage  of  alteration  in  the  augite 
(uralitization),  alteration  of  augite  into  hornblende.  Along  with  uralite 
more  or  lees  secondary  biotlte  also  is  sometimes  formed.  Alteration  of 
these  into  chlorite  is  less  often  observed.  A  second  evidence  of  meta- 
morphism  is  apparent  in  some  thin  sections  in  mashing  of  the  feldspars, 
and,  while  schistosity  was  not  manifested  microscopically,  it  is  developed 
to  a  slight  degree  in  some  hand  specimens. 

Augite,  the  moat  abundant  constituent,  is  partially  or  wholly  altered 
into  a  pale  green  fibrous  amphibole,  and  when  fresh  is  pale  green  to  color- 
leas,  rarely  exhibiting  faint  pleochroism.  It  occurs  in  small  plates  and 
irregular  grains.  Plagioclase  feldspar,  the  second  most  abundant  mineral, 
occurs  in  nearly  equant  grains  in  the  even^annlar  facies  of  the  rock, 
and  in  elongated,  relatively  narrow  forms  in  the  diabasic  facies.  Extinction 
angles  measured  against  the  twinning  lamells  indicate  a  plagioclase  corre- 
sponding in  composition  to  an  acid  labradorite.  Magnetite,  the  next  most 
abundant  constituent  to  the  plagioclase  feldspar,  varies  greatly  in  amount 
and  is  usually  in  smaller  grains  than  the  other  two  minerals.  Alteration 
to  leucoxene  indicates  that  the  magnetite  is  of  the  titnniferous  variety. 
Secondary  black  iron  oxide,  probably  magnetite,  derived  from  the  alteration 
of  augite,  is  observed  in  minute  granules  in  the  substance  of  the  alteration 
products  of  the  augite.  Olivine  is  entirely  absent  with  two  exceptions 
(Specs.  124  and  144)  from  the  thin  sections  examined.  It  often  shows 
cryatal  outline  and  presents  no  noteworthy  features.  The  remaining 
minerals  occur  only  in  subordinate  amount  and  since  they  present  no 
nnnsual  features  they  do  not  merit  separate  description. 

OHBHIOAL  COlfPOSITION  AND  CLASSI7I CATION, 
The  chemical  composition  of  the  diabase  is  shown  in  four  analyses 
given  in  tabular  form  below,  made  on  specimens  collected   from  dikes 
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1  the  vicinity  ot  Roseland  and  Boee's  Mill,  along  the  southeast 
side  of  the  syenite  mass. 

Analyses  of  dwbase  from  Nelson  County,  Virginia. 
(Wm.  M.  Thobniob,  Jb.,  Analtf&t.) 


I 

n 

III 

IV 

V 

sio,    

48.99 

13.93 
2.45 

10.94 
6.29 

10.02 
2.59 
0.80 
0.09 
1.47 
3.33 
0.33 
0.11 
Trace 
Trace 

49.65 
13.93 
4.11 
9.78 
4.89 
9.05 
2.86 
1.71 
0.09 
1.49 
3.03 
0.32 
0.14 
0.20 
Trace 

52.34 
12.46 
3.37 

10.08 
3.97 
7.88 
2.26 
1.66 
0.14 
1.46 
2.96 
1.19 
0.11 
0.18 
Trace 

52.83 
13.79 
4.42 
7.86 
S.61 
8.99 
2.42 
1.46 
0.71 
1.30 
1.18 
0.31 

D.(l. 

Trace 
Trace 

50.95 

3.59 

5.19 

cao  ;:;:::::::::: 

Na,0 

2.53 

H,0 

0.26 

TIO, 

2  63 

Trace 

Sjwciflc  gravity.. 

100.34 

101.25 

100.06 
3.097 

100.88 

100.90 

I.     Diabase   (baaalt)   dike  on  south  side  of  Piney  River,  opposite  General  E1«clric 

Oo.'b  mine,  1.6  miles  northwest  of  Rose's  Mill. 
I.     Diabase    (basalt)    dike.    Kosetand-Arrington    road,    near    Mr.    Adams'    house, 

100  yatda  south  <if  Hoscland  poHt-office:    dike  25  feet  wide,  strike  S.  80"  W. 
I.     Diabase  (basalt)  dike,  east  side  of  Tye  River,  426  feet  south  of  Americui  Rntile 

Co.'s  south  quarry;    width  S  feet,  strike  N.  26'  G. 
',     Diabase  dike,   east  Hide  of  county   road,    100  yards  north  of  Piney   Riwr  at 

Roae's  Mill. 
t".     Average  of  I.  II,  III,  and  IV. 

The  norms  calculated  from  the  analyses  above  are  tabulated  as  follows: 

Norms  corresponding  to  analyses  on  page  138. 


I 

II 

m 

rv 

0.42 
5.00 
22.01 
23.91 
20.42 
17.30 
3.48 
6.38 
0.68 

1.28 
10.01 
24.10- 
20.29 
19.24 
11.96 
6.03 
5.78 
0.62 
0.36 
1.58 

11.10 
10.01 
18.86 
18.90 
11.14 
14.89 
4.87 
5.62 
2.48 
0.36 
1.60 

Albitp    

19.91 

16  32 

6.28 

0  62 

H.o  ...■::;::;;:■■:■: 

2  6i 
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The  rocks  corresponding  to  the  calculated  normB  have  the  following 
position  in  the  quantitative  system  of  classification: 


No. 

Symbol 

Name 

I. 

II. 
III. 
IV. 

m.  5.  3-1.  4-5. 
m.  5.  3.  4. 
'HI.  4.  3.  '4. 
'III.  '5.  3-.  4. 

Camptonoae-aavergnose . 
Camptonose. 
Vaalose. 
Camptonose . 

The  analyses  indicate  close  similarity  in  chemical  composition  of  the 
diabase,  which  is  further  emphasized  by  the  fact  that,  in  the  quantitative 
system  of  clasBifica.tion,  three  of  the  four  (I,  II,  and  IV)  have  approsi- 
mately  the  same  position.  The  norm  of  III  shows  more  quartz,  and  the 
quartz-feldspar  ratio  places  it  in  order  4  instead  of  in  order  5  with  I,  II, 
and  IV.  The  rocks  are  dosodic,  and  the  albite-a north ite  ratio  in  each 
corresponds  closely  to  a  plagioclase  of  the  composition  Ah, An,'  (labra- 
dorite).  The  analyses  are  noteworthy  for  the  high  percentages  of  TiO^, 
especially  in  I,  II,  and  III,  and  of  PjOj  in  III.  The  slightly  increased 
percentage  of  MgO  in  I  is  accounted  for  by  the  presence  of  some  olivine 
in  the  rock.  With  these  exceptions  the  analyses  conform  closely  to  diabase 
of  the  normal  type. 

DETAIIS    OF   OCCURRENCES. 

Detailed  descriptions  of  the  diabase  dikes  occurring  on  the  property 
of  the  American  Rutile  Company,  at  Roseland,  and  in  the  mine  of  the 
General  Electric  Company,  near  Rose's  Mill,  are  given  on  pages  IfiS  and 
192,  and  will  not  be  repeated  here.  The  brief  descriptions  which  follow- 
below  are  of  diabase  dilces  occurring  at  other  places  within  the  area  mapped. 

Just  across  Piney  River  from  the  mine  recently  worked  by  the  General 
Electric  Company  diabase  is  exposed  in  the  bhitf  bordering  the  lowlands 
near  the  river.  The  rock  (Spec.  ISi)  is  fine-grained  and  dark  blue-gray, 
almost  black,  in  color.  Feldspar,  chlorite,  magnetite,  and  graphite  (?) 
may  be  distinguished  with  the  pocket  lens.  In  thin  section  under  the 
microscope  the  rock  is  seen  to  be  considerably  altered  but  the  diabasie 
texture  is  shown.  It  is  an  olivine  diabase,  composed  of  the  principal  min- 
erals augite,  soda-lime  feldspar  (labradorite),  magnetite,  and  olivine. 
Augite  is  largely  altered  to  pale  blue-green  hornblende  (uralite)  and 
olivine  to  chlorite,  each  accompanied  by  the  separation  of  minute  grains  of 
black  iron  oxide  in  the  substance  of  the  hornblende  and  chlorite.  A 
chemical  analysis  of  this  rock  is  given  in  column  I  of  the  table  of  analyses 
on  page  168. 
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On  the  east  side  of  the  county  road,  about  100  yards  north  of  the  river 
at  Bose'a  Kill,  is  a  large  exposure  of  biotite  gneiss  penetrated  by  several 
dikes  of  diabase  which  range  from  a  fraction  of  an  inch  up  to  5  feet  in 
width.  The  smaller  dikes  appear  to  be  off-shoots  from  the  large  one,  which 
contains  near  its  border  unaltered  inclusions  of  the  gneiss.  It  is  a  dark 
gray  rock  (Spec:  130)  with  small  lath-like  phenocrysts  of  feldspar  and 
contains  a  little  pyrite  or  pyrrhotite.  Microscopically  the  rock  ia  por- 
pbyritic  and  diabasic  in  texture,  composed  chiefly  of  augite,  soda-lime 
plagioclase  (labradorite),  titaniferous  magnetite,  and  some  biotite.  Both 
the  augite  and  plagioclase  feldspar  are  partly  altered.  A  chemical  analysis 
(column  lY  of  table  of  analyses)  and  the  norm  of  this  rock  are  given  on 
page  158. 

About  half  a  mile  northwest  of  Boseland  an  altered  diabase  dike,  10 
feet  wide  and  striking  N.  15°  E.,  is  exposed  in  a  deep  road  cut.  The  rock 
is  completely  weathered  near  the  surface,  but  a  specimen  (Spec.  SI)  ob- 
tained from  a  piece  of  float  near  the  outcrop  shows  a  flne-grained,  dark 
gray,  slightly  schistose  diabase,  containing  a  little  pyrite.  Under  the  micro- 
scope a  thin  section  of  the  rock  shows  fine  even-granular  rather  than 
diabasic  texture — a  texture  more  characteristic  of  basalt  than  of  diabase. 
The  principal  minerals  are  secondary  pale  green  hornblende  (uralite) 
derived  from  augite,  soda-lime  plagioclase  (labradorite)  greatly  altered, 
and  much  lencoxene  derived  from  titaniferous  magnetite  or  ilmenite. 
Augite  is  completely  altered  to  hornblende,  which  is  the  most  abundant 
mineral,  and  the  feldspar  shows  mashing  and  advanced  alteration. 
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INDIVIDUAL  DESCRIPTION  OF  MINING  PROPERTIES. 

GENERA!  8TATEUENT. 

While  several  properties  in  the  Boseland  district  have  been  prospected 
for  rutile  actual  mining  operations  have  been  limited  to  two  localities. 
The  principal  and  most  extensively  worked  property  lies  a  qoarter  of  a 
mile  south  of  Boseland  on  Tye  Biver,  where  the  American  Butile  Company 
has  been  mining  and  milling  mtile  in  syenite  since  1902.  So  far  as 
mining  operations  extend  the  rutile  associated  with  the  feldspathic  facies 
of  the  syenite  on  this  property  is  essentially  free  from  ilmenite  or  other 
metallic  minerals,  but  that  associated  with  the  quartz  and  hornblende  of 
the  horablendic  facies  of  the  rock  is  more  likely  to  be  mixed  with  ilmenite. 
The  other  property,  on  the  Warwick  tract  lying  on  the  north  side  of  Piney 
Biver  one  and  a  half  miles  northwest  of  Bose's  Mill,  was  formerly  worked 
by  the  General  Electric  Company,  but  has  been  idle  since  1909.  Mining 
of  rutile  by  the  General  Electric  Company  at  this  locality  was  limited  to 
the  mtile-bearing  nelsonite  bodies.  Unlike  the  syenite  near  Boseland  in 
which  are  opened  the  quarries  of  the  American  Butile  Company,  the  syenite 
on  the  Warwick  tract  contains  rutile  in  very  sparing  quantity,  frequently 
not  visible  to  the  naked  eye  in  hand  specimens,  and  nowhere  observed  even 
approaching  concentrations  that  might  be  workable. 

Detailed  individual  descriptions  of  these  two  mining  properties  follow 
below  in  the  order  named. 

AMERICAN  RUTILE  COUFANT'S  QTTARRIES. 
LOCATION  AHD  HISTOKT. 

The  rutile-bearing  lands  of  the  American  Rutile  Company  lie  on  both 
sides  of  Tye  River  about  a  quarter  of  a  mile  south  of  Boseland  Post-office. 
Ae  yet  mining  operations  have  been  confined  to  the  east  aide  of  the  river 
and  to  the  immediate  vicinity  of  the  mill.  A  topographic  and  geologic 
map  of  the  property  showing  the  open  cut  workings  (quarries)  and  mill 
buildings  is  given  in  fig.  11. 

A  historical  summary  of  the  mining  developments  and  operations  by 
the  American  Butile  Company  is  given  on  page  49.  Develnpuu'nts 
were  begun  by  this  company  on  its  property  located  a  quarter  of  a  mile 
south  of  Boseland  in  1900,  and  >n  1902  a  stamp  mill  of  50  tons  daily 
capacity  was  erected  for  crushing  and  concentrating  the  ore.  Practically 
all  the  rutile  used  in  this  country  since  1901  has  been  supplied  by  the 
above  company  from  its  Nelson  County  deposits,  and  much  of  the  product 
lias  been  shipped  abroad. 
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"ig.  11.— ^Topographic  and  geolo^c  map  of  the  American  Rutile  Compaqj-'B  pniuerty. 
Nelson  County.  -iiyCiOOQlc 


AMERICAN   RUTILE  COMPANY'S   QtJABEIES.  I(i3 

FHOSTTCTIOir  AUD  TTSES. 

Beginning  with  the  year  1903,  the  total  anoaal  production  of  rutile 
to  date  by  the  American  Buttle  Company  is  given  in  tabular  form  on 
page  51.  Although  the  conaumption  of  rutile  has  increased  since  1903, 
the  demand  has  been  limited  and  not  sufficient  to  keep  the  mill  in  con- 
tinuous operation.     . 

The  various  uses  made  of  rutile  are  discussed  in  detail  on  pages  270-289. 
For  the  prices  paid  for  rutile  the  reader  is  referred  to  the  statement  made 
on  page  53. 

QEOIOQICAL  RELATIONS. 

The  topography  and  geology  of  the  American  Butile  Company's 
property  worked  for  rutile  are  well  shown  on  the  accompanying  map, 
fig.  11.  The  line  of  bluffs,  ranging  up  to  60  feet  in  height  which  border 
the  river  on  the  east  side  and  in  which  are  opened  the  quarries  yielding 
the  ore,  afford  good  exposures  of  the  rocks.  The  mantle  of  rock  decay  is 
not  uniform  in  thickness  and  often  contains  large  residual  masses  of 
nnweathered  rock,  which  usually  carries  more  quartz  than  the  average 
syenite  of  this  vicinity.  The  rocks  are  weathered  to  a  depth  of  20  feet  in 
places,  BO  that  a  short  distance  back  from  the  stream  exposures  of  fresh 
rock  are  rarely  observed.  As  a  result  of  weathering  considerable  loose 
mtile  is  more  or  less  concentrated  in  places  on  the  surface  and  in  the 
mantle  of  decayed  rock.  Because  of  the  very  favorable  conditions  much 
of  the  surface  mantle  of  rock  decay  could  probably  be  worked  profitably 
by  the  methods  of  hydraulic  mining. 

Syenite. 

As  indicated  on  map,  fig.  11,  the  quarries  from  which  rutile  is  mined 
by  the  American  Rutile  Company  are  located  in  the  syenite  body  very 
close  to  its  eastern  margin.  Openings  are  made  in  both  the  feldspathic 
and  homblendic  facies  of  the  syenite,  and  while  rutile  occurs  in  each  faciee 
of  the  rock  it  is  most  abundant  in  the  feldspar-rich  syenite  and  probably 
contains  less  associated  ilmenite. 

The  syenite  is  a  coarsely  crystalline  igneous  rock  composed  essentially 
of  white  feldspar  with  variant  blue  quartz  in  the  feldspathic  faciee,  and 
much  secondary  hornblende  (uralite)  in  the  border  or  homblendic  faciee. 
The  ratio  of  these  minerals  is  variant,  feldspar  being  greatly  in  excess  in 
the  feldspathic  faciee  and  in  places  forms  the  entire  rock  mass,  while 
hornblende  is  very  conspicuous  in  the  border  or  homblendic  facies.     Blue 
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quartz  is  usQally  present  in  Bmall  grains,  forming  in  places  a  coDsiderable 
proportion  of  the  rock  and  in  others  it  is  practically  absent.  Hornblende 
is  practically  absent  from  the  feldspathic  facies  of  the  rock,  bat  is  a 
dominant  mineral  in  the  border  or  homblendic  zone.  Bntile  in  deep  red 
grains  of  adamantine  lustre,  associated  with  some  ilmenite  and  in  a  few 
places  apatite,  occurs  as  a  prominent  constituent  in  portions  of  the  rock. 
It  varies  in  amount  from  zero  in  some  sections  up  to  probably  10  per  cent 
and  more  in  certain  restricted  areas.  In  the  quarries  opened  and  woriced 
by  the  company,  rutile  will  probably  average  4  or  5  per  cent  of  the  rock 
mass.  The  general  character  and  mode  of  occurrence  of  the  rutile,  includ- 
ing chemical  analysis,  are  described  on  pages  193-196.  Ilmenite,  includ- 
ing ch^nical  analysis,  is  discussed  on  pages  223-226.  Pyrite  has  been 
observed  in  places  as  a  very  minor  accessory  mineral.  The  rock  has  been 
subjected  to  intense  metamorphism  as  indicated  in  the  granulation  of  the 
feldspar  and  quartz,  in  the  partial  segregation  of  the  rutile  and  hornblende. 
and  in  the  more  or  less  distinct  schistose  structure,  especially  of  the  hom- 
blendic facies. 

In  the  northwest  quarries  lying  nearest  the  mill,  the  syenite  is  practically 
free  from  hornblende  and  other  iron-bearing  minerals,  but  the  rock  exposed 
in  the  southeast  quarries  contains  much  hornblende  and  some  ilmenite. 

The  feldspathic  facies  of  the  syenite  exposed  in  the  open  cute  (quarries) 
and  represented  by  specimens  1,  2,  3,  and  4,  is  composed  dominantly  and 
in  places  almost  exclusively  of  white  feldspar,  chiefly  andesine  with  inter- 
growths  of  microciine  or  orthoclase.  Blue  quartz  is  usually  present  bnt 
varies  greatly  in  amount,  and  appears  to  increase  in  quantity  and  size  of 
grain  toward  the  southeast,  where  it  becomes  most  abundant  in  the  horn- 
blende or  border  facies  of  the  rock.  Butile  in  disseminated  grains  is 
usually  present  and  in  limited  areas  forms  a  notable  percentage  of  the 
rock  mass.  The  ratile  grains  range  up  to  3  mm.  in  diameter  and  are 
often  distributed  along  broken  lines  with  their  longest  diameters  approxi- 
mately parallel,  imparting  a  slightly  gneissic  appearance  to  the  rock.  The 
feldspar  often  shows  large  cleavage  faces,  sometimes  25  to  30  square 
centimeters  in  area,  on  which  fine  multiple  twinning  can  be  distinguished 
with  the  aid  of  a  pocket  lens.  The  cleavage  faces  are  usually  bent  into 
curved  surfaces,  and  in  other  ways  show  the  effects  of  great  atreea  sub- 
sequent to  their  cryetallizatioD. 

In  places  the  syenite  is  cut  by  veinlets,  approximately  parallel,  spaced 
from  a  quarter  of  an  inch  to  one  inch  apart,  and  ranging  in  thickness  np 
to  a  sixteenth  of  an  inch,  but  are  usually  of  almost  paper  thickness.  They 
are  not  exactly  parallel  since  they  sometimes  branch  and  run  into  one 
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another.  The  veinlets  cut  across  the  foliation  of  the  rock  and  pass  through 
quartz  and  mtile  as  well  as  the  feldspar.  Thej  seem  to  be  composed 
almost  entirely  of  feldspar  similar  in  composition  to  that  of  the  rock 
(syenite)  traversed,  bnt  a  ratile  grain  vas  found  in  one  of  the  largest 
of  them.  The;  are  more  resistant  to  weathering  than  the  inclosing  rock 
and  therefore  stand  out  in  relief  on  a  weathered  rock  snrface.  The  rock 
fractures  more  readily  along  these  planes  than  in  other  directions. 
Althotigb  they  are  called  veinlets,  it  is  possible  that  they  may  be  due  to 
some  alteration  that  has  taken  place  along  parallel  fracture  planes. 

The  homblendic  facies  of  the  syenite  (Specs.  5  and  6)  is  exposed  in 
the  southern  qnarries,  which  show  a  coarsely  crystalline  rock  composed  of 
hornblende,  blue  quartz,  and  feldspar,  with  scattered  grains  of  rutile  and 
some  ilmenite  inclosed  in  the  three  principal  minerals.  The  ilmenite  seems 
to  be  largely  confined  to  the  hornblende  and  to  a  less  eztent  the  quartz. 
The  mtile  occurring  in  the  hornblende  has  a  somewhat  darker  color  than 
that  found  in  the  other  two  minerals.  The  grains  of  both  rutile  and 
ilmenite  range  up  to  5  mm.  and  more  in  diameter,  and  average  somewhat 
larger  in  size  than  those  found  in  the  feldspatbic  facies  of  the  syenite 
exposed  in  the  north  quarries.  The  blue  quartz  varies  from  microscopic 
grains  up  to  masses  weighing  several  pounds  and  is  more  abundant  than 
in  the  hornblende  free  rock.  Aside  from  its  color  it  presents  no  unusual 
features.  The  hornblende  is  usually  dark  green  in  color,  often  fibrous 
with  silky  lustre,  and  occurs  in  masses  of  very  irregular  outline  ranging 
up  to  10  cm.  and  more  in  diameter.  The  difEerent  masses  of  hornblende 
are  usually  connected  by  irregular  streaks  or  stringers  of  the  same  material 
in  a  manner  suggesting  secondary  origin.     (See  PI.  XXIII,  fig.  2.) 

A  detailed  description  (including  megascopic  and  microscopic  char- 
acters, chemical  composition,  and  classification);  of  both  the  feldspathic 
and  homblendic  facies  of  the  syenite  is  given  on  pages  68-84,  and  will  not 
be  repeated  here. 

Gabhro. 

Several  hundred  feet  southeast  of  the  south  quarries  of  the  company, 
a  body  of  uralitized  gabbro  is  exposed  along  the  east  side  of  Tye  Biver, 
lying  between  biotite-quartz  monzonite-gneiss  on  the  southeast  and  the 
border  zone  of  the  syenite  on  the  northwest.  The  gabbro  grades  into  the 
homblendic  or  border  zone  of  the  syenite  on  the  northwest  side,  but,  owing 
to  the  depth  of  residual  decay,  its  relations  to  the  biotite-quartz  monzonite- 
gneiss  on  the  southeast  side  could  not  be  determined.  Both  the  syenite 
and  gabbro  have  undergone  intense  dynamic  metamorphism  which   has 
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reenlted  in  cniehing  and  bending  of  the  individual  minerals  and  the 
prodnction  of  pronounced  foliation  or  banding  in  much  of  the  rock.  Be- 
cause of  the  development  of  banded  structure  in  much  of  the  gabbro  mass, 
the  rock  in  many  places  is  more  properly  designated  a  gabbro-gneiss.  In  a 
few  restricted  areas  the  rocks  have  been  so  crushed  and  sheared  as  to 
develop  schists  from  the  original  igneous  types.  Inequality  of  meta- 
morphism  as  expressed  in  structure  secondarily  developed  is  a  marked 
feature  in  both  the  gabbro  and  syenite. 

So  far  as  present  exposures  indicate,  the  gabbro  mass  is  not  Utho- 
logically  uniform  but  is  characterized  by  marked  variations  due  chiefly 
to  metamorphiem.  Variations  in  structure  are  from  a  rock  nearly  massive 
to  completely  foliated  or  banded ;  in  texture  from  fine-  to  coarse-grained ; 
and  in  color  from  medium  to  dark  gray  and  grayish -green,  according  to 
the  kind  and  relative  proportions  of  the  dark-  and  light-colored  minerals. 
Variation  in  mineral  composition  of  the  rock  is  primarily  one  more  of 
difference  in  ratios  of  principal  minerals  and  the  resulting  secondary  ones 
than  of  kind,  and  yet  differences  in  kind  of  minerals,  usually  of  minor 
importance  only,  are  noted. 

Individual  descriptions  of  hand  specimens  including  the  results  of 
microscopic  study  collected  from  different  points  in  the  gabbro  mass  along 
the  east  side  of  Tye  River  will  serve  to  emphasize  the  general  character 
of  the  rock. 

Specimen  13,  taken  from  the  gabbro  near  the  diabase  dike  described 
on  page  168,  is  a  coarsely  crystalline  rock  exhibiting  pronount-ei!  Iiandiii>:, 
and  is  largely  composed  of  feldspar  and  hornblende  arranged  in  roughly 
parallel  bands,  with  a  little  blue  quartz,  and  small  grains  of  ilmenite  and 
probably  rutile.  A  little  graphite,  pyrite,  and  pyrrhotile  can  also  be  dis- 
tinguished. Passing  north  or  east  from  the  point  wiiere  the  specimen 
was  taken,  the  rock  appears  to  grade  into  typical  syi'nlte,  while  toward  the 
south  the  blue  quartz  disappears  and  the  rock  becomes  flner  grained  and 
less  schistose  as  shown  in  specimen  13,  described  below.  Microscopically 
a  thin  section  of  the  rock  shows  it  to  be  composed  of  fibrous  uralitic  horn- 
blende derived  from  pyroxene  with  the  separation  of  grains  of  black  iron 
oxide  and  the  principal  feldspar,  andesine,  intergrown  with  microcline,  a 
little  quartz  containing  needle-like  inclusions  of  rutile,  much  ilmenite 
partly  altered  to  leueoxene,  and  some  secondary-  colorless  mica  derived 
from  feldspar.    An  analysis  of  this  rock  is  given  in  column  IV  on  page  95, 

Specimen  13,  collected  about  100  feet  south  of  N"o.  13,  is  a  fine-grained. 
dark,  greenish-gray  rock  with  irregular  light  brown  blotches  of  feldspar 
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about  3  mm.  in  diameter,  and  without  iudicatione  of  foliation  in  the  hand 
specimen.  Megascopicallj  hornblende,  feldspar,  and  small  grains  of 
ilmenite  and  rutile  with  very  little  if  any  quartz  are  distinguishable. 
Under  the  microscope  a  thin  section  of  the  roclt  is  identical  in  composition 
with  specimen  12  except  that  additional  brown  biotite  and  apatite  in 
separate  individuals  occur.  Feldspar  and  quartz  show  granulation  from 
mashing,  and  much  of  the  feldspar  exhibits  bent  and  broken  lamellee.  An 
analysis  of  this  rock  is  given  in  column  III  on  page  96. 

Specimen  14  is  a  schist  derived  from  the  gabbro  by  intense  local 
shearing  and  crushing.  The  specimen  is  much  weathered  but  is  the  best 
that  could  be  obtained.  There  is  no  sharp  line  separating  the  schist 
from  the  surrounding  gabbro  but  gradation  from  one  to  the  other  is 
observed.  Under  the  microscope  a  thin  section  of  the  rock  shows  it  to 
consist  essentially  of  uralitic  hornblende  partly  fibrous,  brown  biotite, 
unstriated  feldspar  (probably  andesine),  a  little  quartz,  apatite,  and  much 
ilmenite  partly  altered  to  leucoxene.  Pronounced  foliation  is  exhibited  in 
the  thin  section  and  granulation  of  the  light-colored  minerals  is  observed. 

On  the  east  side  of  the  river  about  500  yards  south  of  the  presait 
openings  (quarries)  of  the  company  an  unusually  large  mass  of  rutile  is 
exposed,  weighing  possibly  100  pounds  or  more.  The  rock  in  the  immediate 
vicinity  is  gabbro  (similar  to  specimen  13  described  above)  containing 
scattered  grains  of  rutile  which  increase  in  number  and  size  as  the  main 
mass  is  approached.  With  this  increase  in  rutile  the  gahbroic  rock  grades 
into  one  of  syenitic  character  of  unknown  but  probably  limited  extent, 
and  it  is  in  the  latter  that  the  rutile  is  principally  found.  The  occurrence 
may  be  explained  as  a  local  segregation  in  the  gabbro. 

A  dike  of  diabase  2  to  4  feet  wide  cuts  the  rocks  at  this  point  but  its 
intrusion  has  no  apparent  relation  to  the  rutile.  The  contact  of  the  diabase 
with  the  inclosing  rocks,  where  exposed,  is  sharp  and  somewhat  irregular, 
following  joints  in  the  intersected  rocks,  and  without  evidence  of  contact 
metamorphism.  In  places  both  the  gabbro  and  diabase  are  altered  by 
dynamic  metamorphism  resulting  in  the  production  of  a  schist  from  the 
gabbro  similar  to  specimen  14  described  above,  and  from  the  diabase  an 
epidote-bearing  rock.  Microscopically  a  thin  section  of  the  rock  (Spec,  15) 
shows  a  typical  schist  composed  almost  exclusively  of  fibrous  uralitic  horn- 
blende carrying  inclusions  of  apatite  and  other  minute  colorless  forms, 
together  with  minute  grains  and  dustlike  particles  of  black  iron  oxide. 
Large  grains  of  ilmenite  or  magnetite  occur. 

Numerous  cavities  are  formed  in  the  large  mass  of  rutile  which  have 
resulted  from  the  removal  of  some  other  mineral,  probably  feldspar  or 
apatite. 
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Between  Roseland  Post-ofBce  (abont  100  yards  south)  and  the  Americao 
Butile  Company's  mill  is  a  large  exposure  of  normal  gabbro  in  and  along 
the  county  road,  cot  by  a  dike  of  diabase  25  feet  in  width  and  having  a 
general  strike  of  N.  80°  E.  The  line  of  contact  between  the  two  rocks  is 
sharply  defined  and  follows  quite  closely  the  jointing  in  the  gabbro,  the 
details  of  their  relationship  being  clearly  shown  in  the  outcrop  on  the  river 
bank  just  below  the  road  (PI.  XXII,  figs.  1  and  2).  There  is  no  evidence 
of  contact  phenomena.  As  exposed  in  the  road  cut,  the  gabbro  extends  for 
a  distance  of  about  50  yards  from  the  diabase  and  then  grades  into  the 
feldspathic  facies  of  the  syenite,  which  at  this  point  is  composed  almost 
entirely  of  feldspar.  Near  the  river  the  rocks  are  well  exposed  and  only 
slightly  altered  from  weathering,  but,  a  few  yards  away,  they  are  com- 
pletely covered  by  a  mantle  of  residual  rock  decay,  so  that  it  is  impn^^•il^le 
to  trace  the  dike  for  any  distance  along  the  strike. 

Megascopically  the  gabbro  is  a  medium  gray,  even-granular  rock, 
exhibiting  very  slight  schistose  structure,  and  composed  chiefly  of  plagio- 
clase  feldspar,  3  to  3  mm.  in  diameter,  with  fine  twinning  striae,  smaller 
crystals  of  the  dark  ferromaguesian  mineral,  and  numerous  scattered  grains 
of  ilmenitc  measuring  about  1  mm.  in  diameter.  Uicroscopic  study  of  a 
thin  section  of  the  gabbro  shows  the  principal  minerals  to  be  pyroxene 
chiefly  hypersthene  altering  peripherally  to  hornblende,  andesine  with 
spin  die -fill  aped  intergrowths  of  microctine,  a  few  scattered  grains  of  micro- 
eline,  ilmenite  altering  to  leucosene,  rutile,  apatite,  and  incloaures  of  quartz 
in  the  feldspar  {see  page  05).  An  analysis  of  the  rock  ia  given  in  column 
II  on  page  95. 

Diabase. 

Several  dikes  of  diabase  (basalt)  are  noted  cutting  the  rocks  described 
above  at  different  localities  on  the  property  of  the  American  Rutile  Com- 
pany.    These  are  separately  described  below. 

Just  south  of  the  open  cuts  (quarries)  of  the  company  on  the  east  side 
of  Tye  River  a  diabase  dike  about  8  feet  wide  and  having  a  strike  S.  25"  E., 
can  be  traced  northeast  from  the  river  for  a  distance  of  about  125  yards. 
It  cuts  both  the  gabbro  and  syenite  and  extends  across  the  upper  face  of 
tlie  quarry  (Pis.  XXIII  and  XXIV),  but  there  is  no  evidence  of  contact 
metamorphism.  The  contact  of  the  diabase  with  the  gabbro  is  well  defined 
hut  >omewhat  irregular  in  places.  The  diabase  (Spec.  11)  is  a  fine-grained, 
dark  bluish-gray  almost  black  rock,  in  which  pyrite  and  small  grains  of 
ilmenite  or  magnetite  may  be  recognized  by  means  of  a  pocket  lens.    A  thin 
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section  of  the  rock  studied  under  the  micrOBcope  ehowa  a  uralitie  haaalt  of 
fine,  eren-granular  texture,  compoaed  of  the  principal  minerals  basic  plagio- 
claae  feldspar  (near  labradorite) ,  much  fibrous  uralite  derived  from  augite, 
some  biotite,  and  considerable  titaniferous  magnetite  or  ilmenite  largely 
altered  to  leucoxene.  The  alteration  of  augite  to  uralite  has  been  accom- 
panied by  the  production  of  minute  grains  of  black  iron  oxide. 

About  half  a  mile  northeast  of  the  above  dike  a  similar  rock  (Spec.  10) 
is  observed  cutting  gabbro.  It  is  a  fine-grained,  bluish-green  rock  much 
broken  by  closely  spaced  joints  along  which  weathering  has  progressed. 
Microscopic  study  of  a  thin  section  shows  the  rock  to  be  identical  with  that 
of  the  dike  (Spec,  11)  described  above,  except  that  it  is  slightly  finer 
grained,  more  altered  with  mashing  of  the  feldspars  shown,  and  the  pro- 
duction of  calcitc  and  some  epidote. 

A  diabase  dike  averaging  25  feet  wide  and  striking  approximately 
N.  80°  E.  intersects  the  mass  of  gabbro  (page  95)  exposed  in  the  county 
road  about  100  yards  south  of  Boseland  Post-office.  The  line  of  contact 
between  the  two  rocks  is  sharply  defined,  the  diabase  following  quite  closely 
the  jointing  in  the  gabbro  {PI.  XXII,  figs.  1  and  2).  The  diabase  is  also 
ent  by  joints  but  they  are  independent  of  those  in  the  gabbro  and  have  a 
slightly  different  direction.  It  is  a  fine-grained,  massive,  dark  gray  rock. 
Irregular  phenocrysta  of  feldspar  are  noted  in  places.  Graphite  and 
pyrrhotite  ( ?)  in  minute  grains  are  sparingly  present.  The  rock  is  slightly 
coarser  in  texture  than  the  dike  exposed  in  the  south  quarries  of  the 
.\merican  Eutile  Company,  described  on  page  168.  Under  the  micro8coi)e 
a  thin  section  shows  a  fine-grained  rock  of  diabasic  texture,  although  the 
lath-shaped  outlines  are  apparent,  the  feldspar  substance  is  considerably 
obscured  by  alteration  products.  Augite  is  partly  altered  to  fibrous  blue- 
green  hornblende  (uralite)  and  brown  biotite.  Much  titaniferous  magnetite 
or  ilmenite  is  present  partly  altered  to  leucoxene.  The  feldspars  are  fre- 
quently grouped  in  individual  areas  which  impart  a  porphyritic  a[t[>earanee 
to  the  rock  both  in  the  thin  section  and  hand  specimen. 

KINnrQ  ANS  HILLINO  OPERATIOITS. 

The  ore  is  mined  from  open  side-hill  cuts,  in  the  bluffs  along  the  east 
side  of  the  river,  which  range  in  height  from  20  to  50  feet.  In  the  larger 
cuts  the  work  is  carried  on  in  benches.  Hand  drills  are  used,  and  after 
blaeting  the  ore  down,  it  is  shoveled  into  a  small  bin  from  which  it  is 
trammed  to  the  mill.  The  rock  is  cut  by  numerous  intersecting  fractures 
and  joints  which  break  the  ore  into  fairly  small  blocks  and  thus  increase 
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the  ease  of  quarrying.  The  rock  is  weathered  to  a  considerable  depth  beloT 
the  surface,  Ifi  to  SO  feet  in  gome  places,  and  the  early  mining  was  largely 
limited  to  the  altered  material,  because  of  the  lower  cost  of  mining  and 
milling.  The  weathered  zone  is  very  irregular  in  depth  and  large  masses 
of  unaltered  rock  occur  within  the  decayed  material  which  sometimes  re- 
quire blasting  to  break  down.  These  residual  masses  apparently  contain 
a  larger  percentage  of  blue  quartz  than  the  average  amount  contained  in 
the  syenite  exposed  in  the  quarries.  A  general  view  of  the  surface  plant 
and  quarries  of  the  American  Rutile  Company  is  shown  in  PI.  XXYI,  fig.  1. 

The  ore  is  conveyed  to  the  mill  built  in  1903,  in  hand  cars,  where 
it  is  dumped  into  a  second  car  run  on  an  incline  track.  This  car  is  raised 
by  a  steam  hoist  to  the  ore  bin  at  the  top  of  the  mill  building  {PI.  XXV, 
fig.  1)  where  the  ore,  after  passing  over  a  grizzly,  goes  to  a  Blake  crusher. 
From  the  crusher  the  ore  falls  into  a  bin  and  then  passes  through  automatic 
feeders  to  the  stamps,  of  which  there  are  10  weighing  750  pounds  each. 
The  mill  has  been  constructed  so  that  another  battery  of  10  stamps  can 
be  added  when  the  demand  for  the  product  is  sufficient  to  warrant  the 
increase  in  production. 

Id  the  stamp  battery  the  ore  is  reduced  to  pass  a  30-mesh  screen  and 
then  goes  to  a  Brown  classifier  from  which  it  is  delivered  to  3  Wilfley  tables, 
each  16  feet  long  by  5  feet  wide.  On  the  tables  the  pulp  is  separated  into 
three  divisions;  concentrates,  middlings,  and  tails.  The  tails  are  usually 
allowed  to  flow  into  the  river,  but  in  milling  ore  that  is  free  from  quartz 
and  hornblende  (feldspar  facies  of  the  syenite),  the  tails  consist  practically 
of  all  feldspar,  which  in  some  cases  has  been  saved  and  sold  to  manufacturers 
of  porcelain  and  pottery. 

The  chemical  composition  of  the  tails  is  shown  in  the  subjoined  analyses 
furnished  by  courtesy  of  Mr.  W,  M.  Slater,  President  American  Butile 
Company. 
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Fig.  I. — Mill  and  gurfac?  plant  of  the  Americnn  Rutile  Companv,  Roselitnd. 


-View  of  Piney  River  viillev  with  the  Blue  Riiipi'  Bhown  in  thVlin'Jl^gliAUd. 
RUTILE  MILL  AND  PLANT.  AND  PINEY  RIVER  VALLEV. 


MININO  AMD  MILUNQ  OPEBATtONB. 


Analyses  of  tailings  from  American  Butile  Company's  ore. 
(U.  S.  Dept.  ot  Agriculture,  Bureau  of  CbemiBtrr,  DiviHion  of  Tests.) 


I 

n 

69.10 
19.85 
0.77 
1.88 
1.74 
4.99 
4.30 
2.74 
0.10 
0.75 
3.68 
0.21 
0.02 

24.76 

CaO 

4.78 

K.6 

2.25 

hIo^ 

0.74 

P.O. 

0.45 

100.26 

Expressed  in  terms  of  standard  minerals  these  analyses  correspond  to 
the  following  calculated  mineral  composition : 


I 

n 

12.12 
16.12 
36.15 
23.91 
1.02 
4.30 
1.16 
1.52 

'2!88 
0.34 
0.85 

16.68 

Albite                                               

38.78 

7.24 

0.25 

H,0 

l.U 

Total 

100.37 

100.81 

The  analyses  differ  chieS;  in  the  percentage  amounts  of  alumina  and 
iron  oxide,  a  difference  readily  accounted  for  by  assuming  the  presence  of 
hornblende  in  I  and  its  absence  from  II.  They  suggest  tailings  correspond- 
tng  in  mineral  composition  to  the  homblendic  (I)  and  feldspatbic  (II) 
facies  of  the  syenite,  vhich  becomes  apparent  when  compared  with  the 
analyses  on  page  76. 
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At  present  the  middlings  are  returned  to  the  battery  and  fed  wit] 
ore  from  the  crusher.  The  concentrates,  which  consist  of  mtile  with 
amounts  of  ilmenit«  and  silicate  minerals,  are  dried,  passed  throo 
Wetherill  magnetic  separator  which  removes  ilmenite  and  any  ] 
present,  and  packed  in  heavy  double  sacks  of  200  pounds  each  for  ship 
Two  grades  of  rutile  are  marketed,  designated  as  "A"  grade  which  8V( 
from  90  to  95  per  cent  rutile  (TiOj),  and  "B"  grade  which  avi 
between  86  and  90  per  cent.  The  rutile  for  use  in  the  ceramic  indi 
is  further  pulverized  in  Sturtevant  emery  rollers,  and  packed  in  casl 
shipment.  The  general  character  and  purity  of  the  rutile  are  dew 
and  indicated  in  the  analyses  on  pages  172-173  and  193-196. 

The  power  for  the  mill  is  furnished  by  a  65-horee-power  alidfr 
engine  and  a  70-horse-power  boiler.  The  mill  obtains  an  abundant 
supply  from  Tye  Kiver,  the  water  being  taken  from  the  river  a  few  hn 
yards  above  the  mill  and  brought  down  by  gravity. 

COKFOSITION  OF  BUTILE  COITCEITTIIAIEB. 

Through  the  courtesy  of  Mr.  W.  M.  Slater,  President  of  the  Ame 
Butile  Company,  there  are  given  below  in  tabular  form  36  analyses  {in 
ing  titanium,  metallic  iron,  and  in  a  few  cases  silica)  of  rutile  concent 
produced  by  the  company.  These  analyses  afford  a  good  general  ide 
the  composition  of  the  rutile  concentrates  as  regards  the  chief  constitui 
titania  and  iron.  Arrangement  of  the  analyses  in  the  table  is  in  the  o 
of  titanium  content. 

With  respect  to  treatment,  the  analyses  fall  into  two  classes:  (1)  T 
made  on  samples  drawn  from  concentrates  that  were  treated  by  magi 
machines,  and  (2)  those  made  on  samples  drawn  from  concentrates 
were  not  treated  by  magnetic  machines.  The  difference  in  treatmen 
counts  chiefly  for  the  difference  in  titania  and  iron  contents,  the  ana 
showing  low  titania  and  high  iron  represent  concentrates  not 
magnetically. 
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Commercial  analyses  (partial)  of  rutile  concentrates  from  the  American 
Rutile  Company's  property. 


No. 

TiO. 

Pe 

810. 

Analyst 

1 

99.22 

0.44 

Waller  and  Renand.  New  York  City. 

2 

98.60 

0.40 

1.20 

General  Electric  Company's  laboratory. 

Schenectady.  N.  Y. 

3     98.42 

0  4« 

4  [  97.54 

1.17 

RIckettB  and  Banks,  New  York  City. 

5  1  %.50 

0.42 

0.77 

Waller  and  Renand,  New  York  City. 

6     95.18 

1.28 

Ledonx  and  Company,  New  York  City. 

7  i  94.65 

2.15 

Slmonds  and  Wainright.  New  York  City. 

8     94.47 

2.76 

0.51 

WaUer  and  Renand,  New  York  City. 

9  1  94.34 

4.05 

Waller  and  Renand,  New  York  City. 

10  1  94.12 

1  58 

Waller  and  Renand.  New  York  City. 

tl  1  93.22 

2,1« 

iLedoux  ana  Company,  New  York  Cf ty. 

12  1  93.14 

4.40 

; Waller  and  Renand.  New  York  Ctty. 

13     92.94 

5,46 

i  Waller  and  Renaod,  New  York  City. 

14  ,  91.24 

8.02 

Waller  and  Renand,  New  York  City. 

15     90.58 

5  82 

Waller  and  Renand.  New  York  City. 

16     90.10 

5.01 

1.95  Slmonds  and  Wainright.  New  York  City. 

17     89.91 

3.46 

Ledonx  and  Company,  New  York  City. 

18     89.85 

19     89.30 

7.33  .      0.70  IWaller  and  Renaiid.  New  York  City. 

20     89.08 

2,99 

iLedoux  and  Company.  New  York  City. 

21     88.73 

7.06 

Waller  and  Renand,  New  York  City. 

22     88.08 

9,45 

Waller  and  Renand.  New  York  City. 

23  1  87.16 

7.33 

0.44 

Waller  and  Benaud,  New  York  City. 

24  1  86.18 

8.24 

Ledoux  and  Company.  New  York  City. 

9.61) 

Ijedoux  and  Company.  New  York  City. 

26  '  85.60 

10.92 

Waller  and  Renand.  New  York  City. 

GENERAL  EIXCTBIC  COUf  AITT'S  MINE. 

GEHERAX  STATEKEKT. 

During  the  latter  part  of  1907  the  Qeneral  Electric  Compan;  began 
prospecting  for  mtile  the  nelsonite  bodies  on  the  Warwick  tract,  located 
on  Piney  River  abont  1.5  miles  northeast  of  Bose's  Mill,  7  miles  northwest 
of  Tye  Biver  station  on  the  Southern  Bailwaj,  and  3.6  miles  sonth  of 
Boselsnd.  A  number  of  nelsonite  bodies  in  this  vicinity  have  been  opened 
in  prospecting  for  apatite  and  mtile,  but  the  most  extensive  development 
work  has  been  on  two  of  the  nelsonite  bodies  that  outcrop  on  the  Warwick 
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LEGEND 
Adit  level 
100-foot  level 
Outcrops  of  dikfts 

Fig.  12. — Map  of  mrfaee  Kud  underground  workings  of  the  OenerAl  Bleetric  Gom- 
panj'i  mine,  showing  outcrops  of  uelsonita  dikes.  (Adopted  from  m»pa  bf 
R.  H.  Thaj'er.) 
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tract  about  l.S  miles  northeaat  of  Hose's  Mill.  Here,  while  prospecting  for 
rutile  and  mining  the  nitile-bearing  portions  of  the  nelaonite,  the  General 
Electric  Company  exposed  the  two  dikes  to  a  vertical  depth  of  100  feet 
and  for  a  distance  of  several  hundred  feet  along  their  strike. 

A  map  of  the  surface  plant  showing  the  location  of  the  nelsonite  oat- 
crops  and  their  relation  to  the  underground  workings  is  given  in  fig.  IS 
on  page  174.  A  historical  etunmary  of  the  mining  developments  by  the 
General  Electric  Company  on  the  above  property  is  given  on  page  50. 

KOmrO  BETEIOPmHTS. 

The  mine  formerly  worked  by  the  General  Electric  Company,  located 
on  the  Warwick  tract  1.6  miles  northwest  of  Bose's  Mill,  lies  on  the  north 
side  of  Piney  Biver  and  near  the  top  of  one  of  the  hills  or  bluffs  that  outline 
the  river  valley  and  slope  steeply  down  to  the  lowlands. 

The  development  work  was  confined  to  two  nelsonite  dikes;  one  of 
which,  known  as  No.  1  vein,  runs  nearly  east  and  west,  while  the  other, 
called  No.  2  vein,  has  a  strike  of  N.  71°  E.,  and  both  dip  in  a  southerly 
direction  at  an  angle  of  about  60  degrees.  Map,  fig.  12,  of  the  property 
shows  the  location  of  the  surface  plant  and  outcrops  and  their  relations  to 
the  underground  workings.  The  surface  outcrops  of  the  nelsonite  dikes, 
as  proved  by  trenching,  are  indicated  on  the  map  by  heavy  broken  lines. 

The  development  work  comprises  several  hundred  feet  of  tunneling, 
including  drifts,  and  two  shafts,  the  deeper  of  which  was  sunk  to  a  depth 
of  100  feet.  Detailed  description  follows:  An  adit  level  was  driven  from 
a  deep  ravine,  in  a  northwesterly  direction  under  the  hill,  cutting  the  two 
nelsonite  bodies  at  depths  of  about  30  and  40  feet,  respectively.  Drives 
were  then  opened  in  both  directions  along  the  strike  of  the  nelsonite 
bodies.  A  vertical  shaft  started  in  the  hanging-wall  of  No.  2  vein  was  sunk 
to  a  depth  of  100  feet,  cutting  through  the  nelsonite  dike  between  the 
surface  and  the  adit  level,  which  is  39  feet  below  the  collar  of  the  shaft. 
The  adit  was  connected  with  the  shaft  by  a  cross-cut,  and  at  the  bottom 
of  the  shaft  cross-cuts  were  driven  to  cut  the  two  nelsonite  dikes  which  are 
about  160  feet  apart  at  this  point.  On  the  map,  fig.  12.  the  adit  level  is 
shown  by  broken  lines  and  the  100-foot  level  by  dotted  lines. 

The  rut ile-bea ring  portions  of  these  dikes  were  mined  by  stoping  and 
the  ore  hoisted  through  the  shaft  in  steel  buckets  or  run  out  through  the 
adit  level  in  mine  cars.  In  stoping  several  raises  on  both  dikes  were  carried 
through  to  the  surface;  the^e  openings  are  shown  on  the  map,  fig.  12. 
The  nelsonite  dikes  are  cut  by  numerous  intersecting  joints  which  cause 
the  rock  to  break  readily  into  small  angular  blocks  and  facilitate  mining. 
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In  the  summer  of  1909  an  incline  shaft  was  started  on  the  outcrop  of 
No.  2  vein  at  a  point  about  320  feet  northeast  of  the  vertical  shaft  and  a 
drive  was  extended  from  this  to  connect  with  the  one  running  east  from 
the  adit,  but  this  work  had  not  been  completed  at  the  time  of  examination 
of  the  property. 

The  ore  was  roughly  sorted  by  hand  and  shipped  to  Allentown,  Pennsyl- 
vania, for  further  concentration  and  separation  of  the  rutile.  The  mine 
was  closed  down  during  the  winter  of  1909  and  since  then  no  work  has  been 
done  on  the  property. 

ABEAL  OEOLOOT. 

Introductory  Statement. 

Because  of  the  depth  of  residual  rock  decay  almost  nothing  of  the 
geological  relations  of  the  rocks  could  be  observed  on  the  surface,  except 
where  openings  had  recently  been  made.  Before  development  work  was 
commenced,  the  numerous  pieces  of  nelaonite  float,  honeycombed  by  the 
removal  of  apatite  through  solution  and  found  littering  the  surface,  fur- 
nished the  only  surface  indications  of  the  presence  of  nelsonite  bodies. 

Of  the  two  nelsonite  bodies  explored,  one  has  a  strike  at  the  surface  of 
N.  71°  E.,  while  the  other  runs  nearly  east  and  west,  but  both  dip  toward 
the  south  at  an  angle  of  about  60°.  The  first  of  these  was  traced  by  means 
of  trenches  placed  approximately  50  feet  apart,  for  a  distance  of  more  than 
1,000  feet.  The  outcrop,  however,  is  not  continuous,  for  just  east  of  the 
shaft  it  is  interrupted  for  a  distance  of  probably  200  feet  by  a  gabbro  dike 
that  cuts  diagonally  across  it,  and  farther  east  a  section  of  the  nelsonite 
body  appears  to  be  faulted  approximately  30  feet  toward  the  south.  The 
gabbro  does  not  outcrop  at  the  surface  but  in  the  long  trench  shown  on 
the  west  side  of  the  map,  fig.  12;  it  could  be  recognized  by  the  residual 
decay  and  the  large  percentage  of  graphite  present.  The  gabbro  at  this 
point  has  a  width  of  70  feet  and  the  nelsonite  body,  which  here  is  only  3 
inches  wide,  lies  approximately  on  the  northern  contact  with  the  syenite. 
The  prospecting  was  not  sufficiently  extensive  to  determine  definitely  that 
the  displacement  mentioned  above  was  due  to  faulting,  and  it  is  possible 
that  the  nelsonite  body  pinches  out  and  is  replaced  by  parallel  bodies  with 
slight  offset  in  strike,  but  it  appears  more  likely  that  faulting  is  the  tnie 
explanation  for  the  section  of  nelsonite  that  is  out  of  alignment  with  the 
rest  of  the  dike,  which  is  very  much  broken  and  the  outcrop  where  eiposed 
very  irregular. 

The  nelsonite  dike  varies  in  width  from  4  feet  to  3  inches  and  in  one 
trench  two  parallel  dikes  were  exposed  8  feet  apart,  having  a  width  of  6  and 
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8  inches,  respectively.  In  some  places  the  dike  is  composed  of  ilmenite 
nebonite  and  at  others  of  nitile  nelaonite.  In  one  of  the  exposures  of  nitile 
nelsonite  the  dike  was  composed  in  places  almost  exclusively  of  apatite. 

Although  this  dike  was  carefully  explored  by  surface  cuts  for  a  distance 
of  slightly  more  than  1,000  feet  it  is  not  improbable  that  it  extends  a  much 
greater  distance,  for  with  some  minor  interruptions  it  may  be  traced  north- 
east along  the  direction  of  strike  by  means  of  much  float  and  a  few  exposures, 
for  a  distance  of  1.35  miles.  Most  of  the  float,  however,  is  ilmenite  nelsonite 
and  not  the  rutile  variety. 

The  second  nelsonite  dike  developed  by  the  underground  operations 
of  the  company  was  traced  on  the  surface  in  an  east  and  west  direction 
for  «  distance  of  only  200  or  300  feet.  If  it  continues  along  the  same 
course  far  enough  east  before  pinching  out,  it  intersects  the  larger  dike, 
but  exploration  was  not  extended  in  this  direction  far  enough  to  determine 
this  point.  Passing  west  along  the  strike  of  the  dike,  it  apparently 
separates  into  several  smaller  stringers  before  disappearing. 

A  surface  pit  on  the  outcrop,  180  feet  north  of  the  shaft  (map,  fig.  18), 
exposed  some  of  these  stringers  of  rutile  nelsonite.  The  structural  rela- 
tions of  the  nelsonite  to  the  other  rocks  found  in  the  opi'uing  are  shown 
in  the  sketch,  fig.  13.     The  rocks  are  cut  by  parallel  joint-planes  along 


J'ig.  13. — Sketch  in  face  of  surface  cut  on  dike  No.  I,  General  Electric  Company's 
mine,  showing  lingering  out  of  nelsonite  dike.  {d)  Weathered  diabase, 
<r)   rutile  nelsonite,   <s)   syenite. 


,db,Google 


(■'ig.  H, — Plans    of   adit   and    lOOfoot    levels,    and    verUcdl    cross-tectlon^  if   tlw 
Oenerul  Electric  Company's  mine,  Nelson  County. 
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which  slight  faulting  has  taken  place.  The  red  clay  exposed  on  the  north 
or  foot-wall  Bide  of  the  nelsonite  stringers  is  due  to  the  disintegration  of 
a  diabase  dike  that  apparently  parallels  the  nelsonite  dike  in  both  strike 
and  dip.  A  few  boulders  of  undecomposed  rock,  incltided  in  the  residual 
decay,  indicate  its  original  character  and  the  same  dike  was  cut  on  both 
the  adit  and  the  100-foot  levels  where  the  rock  was  perfectly  fresh. 

While  lack  of  outcrops  and  depth  of  residual  rock  decay  precluded 
detailed  geological  mapping  on  the  surface,  the  underground  workings 
were  sufficiently  extensive  to  expose  the  structural  relations  of  nearly 
all  rock  types  found  in  the  district.  Geological  maps  of  the  adit  and 
100-foot  levels  together  with  a  vertical  cross-section  showing  the  geological 
structure  are  given  in  fig.  14. 

As  indicated  in  fig.  14  the  order  of  rock  differentiation  appears  to 
be  slightly  different  here  from  that  noted  in  other  localities  in  the  district, 
as  the  gabbro  cuts  the  nelsonite  and  is  therefore  younger  instead  of  older 
as  elsewhere  observed.  The  probable  order  of  differentiation  then  for  this 
locality  is  as  follows:  (1)  Syenite,  (3)  nelsonite,  (3)  gabbro,  and  (4) 
diabase.  Hany  facts,  however,  indicate  that  (1)  and  (2)  and  perhaps 
(3)  were  essentially  coDt«mporaneouB  in  formation. 

Syenite. 

The  syenite  exposed  in  the  different  parts  of  the  General  Electric 
Company's  mine  varies  much  in  mineral  composition  and  structure. 
Feldspar,  usually  white  in  color,  is  the  dominant  mineral;  blue  quartz, 
always  present,  ranges  from  almost  nothing  up  to  about  10  per  cent  of 
the  rock  mass;  pyroxene  and  its  alteration  product  hornblende,  occur 
locally  in  quantity  but  elsewhere  are  only  sparingly  present  or  entirely 
absent;  mtile  and  ilmenite  are  usually  to  be  found  in  small  disseminated 
grains,  and  in  places  graphite  is  a  prominent  constituent.  The  sulphides, 
pyrite  and  pyrrhotite,  are  noticeable  in  places  but  were  in  appreciable 
quantity  only  near  the  nelsonite  bodies. 

The  syenite  plainly  shows  the  effects  of  intense  but  very  unequal 
dynamic  metamorphism  in  different  places,  there  being  no  apparent 
nniformity  in  distribution  of  the  results,  and  the  cause  for  such  marked 
irregularity  within  so  localized  a  section  is  equally  difficult  of  explanation. 
In  places  the  rock  has  been  mashed  into  a  strongly  foliated  and  typical 
gneiss,  while  in  others  the  development  of  foliated  structure  is  less 
apparent  but  evidence  of  recry stall ization  is  plainly  shown.  (See  PI.  X, 
%•!■) 
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DETAILED  DESCRIPTION   OP   OCCURHBNCEff, 

On  the  adit  level  the  syenite  is  badly  decomposed  except  near  the  Dorth 
end  of  the  workings  where  there  is  a  greater  depth  below  the  surface. 
Near  the  portal  and  between  the  two  nelsonite  bodies  the  syenite  is  gneiasic 
in  structure,  the  feldspars  are  extensively  kaolinized,  and  the 'altered  rock 
is  discolored  by  liberated  iron  oxide.  The  iron  stain  is  especially  noticeable 
near  the  entrance  to  the  adit. 

The  syenite  (Spec.  149)  exposed  in  tht 
the  north  end  of  the  adit  contains  much  gr 
point  is  narrow  and  of  the  ilmenite  vari 
chiefly  of  white  feldspar  with  some  blue  qi 
in  diameter,  is  of  interest  because  of  the 
averaging  about  2  mm,  in  diameter,  that 
feldspar  and  quartz,  though  more  plentiful 
is  arranged  in  parallel  flakes  which  impart 
rock.  (PI.  XXVII.)  Some  pyrite  partly  s 
resulting  from  the  alteration  of  feldspar  w 
thin  section  of  the  rock  shows,  in  addition  ti 
pieces  of  brown  rutile,  prismatic  inclusions  c 
epidote.  Pyrite  and  graphite  are  frequently 
stringers,  and  fine  particles,  possibly  subsequi 

The  thin  section  of  Spec.  148,  which  indicates  mashing  of  the  feldspars 
from  dynamic  etfects  (PI,  X,  fig.  1),  shows  the  development  of  some  garnet 
(PI.  XXVIII,  fig.  2). 

In  the  short  cross-cut  driven  sonth  from  the  west  end  of  this  drive 
the  nelsonite  pinches  to  a  narrow  stringer.  The  syenite  (Spec,  147)  ia 
essentially  the  same  as  that  exposed  in  the  other  end  of  the  drive  but  is 
slightly  more  gneissic  in  structure.  The  rock  is  composed  chiefly  of  white 
feldspar  which  for  the  most  part  is  flne-grained.  Graphite  is  distributed 
through  the  rock  in  parallel  flakes  largely  concentrated  into  bands  alter- 
nating with  those  of  nearly  graphite-free  feldspar.  A  little  blue  quartz 
occurs  in  small  lenses  parallel  to  the  banding.  A  little  pyrite  and  pyrrho- 
tite  are  present,  most  of  the  former  being  closely  associated  with  graphite 
and  probably  secondary  in  origin.  The  microscope  shows  additional  min- 
erals to  be  occasional  small  grains  of  rutile  and  ilmenite  and  needle-like 
inclusions  of  rutile,  together  with  the  secondary  minerals  zoisite,  epidote, 
and  colorless  mica  derived  from  the  alteration  of  feldspar.  Both  feldspar 
and  quartz  exhibit  marked  effects  of  crushing  from  dynamic  forces.  Plate 
XXVIII,  fig.  1,  is  a  photomicrograph  of  the  thin  section,  showing  graphite. 
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Fig.   1. — Photomicrograph  of  feldspathic       Fig.  2. — Pholoinicro)jraph   of   niM-<lit^ 
faciea  of  syenite  cuntaining  graphite.   Light  xyeiiite    containing    girnpt.      Frxc- 

orea«  fpldnpar  partly  altered,  and  a  little  tureil     areas    of     high     relief     are 

quartz:     dark    areas    graphite   with    some  gHmet.    Other  minerals  are  lilirmis 

pyrite.     General   Electric  Company's  mine.  hornbienile.    altered    fetdi^pur.    and 

Xicols    cri)s«ed.      Enlarged    30    diameters.  ilnienite.      General     Eleelric    t'om- 

Kpecimen  No.  147.  ptiny's  mine.     McoIh  cn>^seit.      En- 

larged    50     diameters,       Sjierimen 
N().   149. 


i.  3. — rhotoniLcniprrt|)h  of  nalibm-nelsiinile,  1  mile  ea  of  R  • 
iilternlion  of  hypersthene  to  hornblende  (uralite)  M  cl  Im 
npatite   nre   alii   Hliown.      Nicols   erossed.      Enlarged   30   d  ai 
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In  the  face  of  the  drive  20  feet  northeast  of  this  point  and  extending 
about  40  feet  east  very  gneissic  syenite  is  exposed  consisting  of  fine-grained 
white  feldspar,  blue  quartz  drawn  out  into  long,  broken  lenses,  and 
secondary  hornblende  in  narrow  parallel  lines.  Ilmenite  and  rutile  are 
scattered  through  the  rock;  also  a  little  graphite,  light  brown  biotit«,  and 
the  sulphides,  pyrite  and  pyrrhotite.  Microscopically  the  rock  is  a  horn- 
blende syenite-gneiss  showing  marked  evidence  of  crushing  and  the  develop- 
ment of  some  garnets  which  are  much  fractured.  As  in  the  specimens 
described  above  pyrite  and  graphite  are  usually  intimately  associated. 

On  the  100-foot  level  the  syenite  is  unaltered.  In  the  cross-cut  running 
southeast  from  the  shaft  it  is  composed  almost  entirely  of  white  feldspar 
with  scattered  graim  of  blue  quartz,  and  a  few  small  grains  of  ilmenite 
and  rutile  with  little  if  any  ferromagnesian  minerals  present  until  close  to 
the  nelsonite  body. 

The  syenite  forming  the  foot-wall  of  the  nelsonite  body  (vein  No.  9)  on 
the  100-foot  level  is  composed  almost  exclusively  of  feldspar  and  blue 
quartz,  but  on  the  hanging  wall  side  it  contains  much  pyroxene  which  is 
largely  altered  to  hornblende.  Close  to  the  banging  wall  side  of  the  nel- 
sonite (see  fig.  16)  the  syenite  contains  much  pyrrhotite  in  bright,  irregular 
anhedra,  ranging  up  to  1  cm.  or  more  in  size,  strung  out  in  broken  lines 
parallel  to  the  nelsonite  body.  Pyrrhotite  rapidly  decreases  in  quantity  a 
short  distance  from  the  contact,  while  pyroxene  and  its  alteration  product 
hornblende  increase.  A  few  scattered  grains  of  ilmenite  are  noted.  The 
feldspar  frequently  shows  warped  cleavage  faces  3  to  4  cm.  across. 

About  30  feet  nortlieast  from  the  face  just  described  the  drive  passes 
through  a  light  gray  syenite  (Spec.  143)  composed  almost  entirely  of 
feldspar.  The  feldspar  is  light  pinkish-gray  and  sometimes  shows  warped 
cleavage  faces  on  which  perthitic  intergrowths  may  be  distinguished  with 
the  aid  of  a  pocket  lens,  and  some  of  them  exhibit  fine  multiple  twinning. 
The  large  feldspar  individuals  show  granulation  near  their  boundaries  and 
grade  into  mosaics  of  the  fine-grained  mineral  of  similar  color  and  appear- 
ance. The  rock  also  contains  a  few  small  lenses  of  dark  blue  quartz  and  a 
little  hornblende,  ilmenite,  and  pyrrhotite,  but  these  combined  make  up  a 
very  small  percentage  of  the  rock  mass.  The  pyrrhotite  is  developed  in 
grains  about  2  cm.  in  size  and  is  usually  noticed  close  to  the  quartz  but  not 
included  in  it.  The  microscope  shows  minor  accessory  minerals  to  be  rutile 
and  apatite  as  inclusions,  minute  areas  of  colorless  mica  derived  from 
feldspar  alteration,  with  the  usual  evidence  of  crushing  manifested  in  the 
principal  minerals.  An  analysis  (IV)  of  this  rock  is  given  in  the  table  on 
page  76. 
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In  the  same  vicinity  another  Bpeciinen  (143)  of  light  gray  syenite  was 
obtained  that  shows  evidence  of  alteration.  It  consistB  of  white  feldspar 
cut  by  intersecting  fractures  running  in  different  directions  and  along  these 
the  feldspar  appears  to  have  undergone  some  alteration  accompanied  by  the 
production  of  sericite.  The  lines  of  alteration  are  gray  in  color  and  cnt 
the  large,  warped  cleavage  faces  as  well  as  the  fine-grained  feldspar.  In 
places  where  the  lines  intersect,  considerable  areas  of  the  gray  may  be 
seen.  A  little  dark  bine  quartz  and  a  few  grains  of  rutile  and  ilmenite  are 
distributed  through  the  rock.  Microscopically  a  thin  section  of  the  rock 
shows  the  feldspar  to  contain  abundant  inclusions,  and  is  altered  on  the 
surface  to  light-colored  mica,  zoisite,  and  epidote.  Crushing  is  pronounced 
in  fine-grained  mosaics  of  quartz  and  feldspar.  Quartz  ranges  from  very 
small  granulated  grains  to  large  anhedra  filled  with  rutile  needles,  and 
exhibiting  marked  wavy  extinction. 

In  the  northeast  face  of  the  drive,  where  the  nelsonite  completely  pinches 
out,  the  syenite  is  similar  to  the  hornblende  variety  at  the  other  end  of  the 
drive.  The  white  feldspar  is  mostly  in  small  anhedra  2  to  3  min.  in  size 
which  sometimes  display  fine  multiple  twinning.  The  small  size  of  the 
feldspar  grains  is  evidently  due  to  crushing,  for  many  of  the  cleavage  faces 
are  warped  into  curved  surfaces.  Pyroxene  and  its  alteration  product  horn- 
blende occur  together  in  large  connecting  masses  5  to  10  cm.  across. 

In  PI.  VII  is  shown  a  photograph  (natural  size)  of  a  polished  specimen 
of  the  rock  and  the  sketch  (fig.  15)  made  partly  from  the  same  specimen, 
illustrates  the  formation  of  the  secondary  hornblende.  The  unaltered 
pyroxene  (hypersthene)  is  dark  brown  to  bronze  in  color  and  forms  the 
centers  of  the  larger  masses  of  hornblende.  It  is  surrounded  by  a  zone  of 
dark  green  hornblende  (uralite),  usually  fibrous,  with  silkj-  lustre,  which 
extends  out  into  the  feldspar  along  cleavage  planes  and  fractures,  giving 
the  irregular  outlines  noted  in  the  photograph. 

The  alteration  is  probably  due  to  the  circulation  of  solutions  along 
almost  microscopic  fractures,  since  most  of  the  hornblende  masses  are  con- 
nected by  them.  The  feldspar  has  evidently  furnished  part  of  the  material 
entering  into  the  formation  of  the  hornblende,  for  where  the  fractures  pass 
through  the  feldspar,  hornblende  has  been  developed  and  they  are  marked 
by  dark  green  lines  ranging  up  to  2  mm.  in  width,  but  where  the  fractures 
cross  the  blue  quartz  no  alteration  has  taken  place  and  they  are  almost 
invisible. 

Small  grains  of  ilmenite  and  rutile  are  scattered  through  the  rock  to 
gether  with  the  sulphides,  pyrite  and  pyrthotite,  the  former  being  partly 
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Fig.   16, — Sketch    showing    alteration    of    pyrokene    to    amphjbole     (uralite).       (f) 
Feldspar    (A)   bornbleode    (p)   p\ro\ene,   (v)   blue  quartz.     (See  alao  PI.  VII.) 

Becocdar}  In  places  the  ilmetute  aod  rutile  are  concentrated  in  larger 
quantity,  Hlien  apatit«  is  usually  present  also.  In  PI.  XXX  is  shown  a 
photograph  of  anotiier  polished  specimen  of  the  rock  containing  ilmenite 
and  rutile  arranged  m  irregular  stringers  associated  with  grannlar  apatite. 

An  anahsis  (I)  made  of  an  average  sample  of  the  hornblende  syenite 
is  given  in  the  table  on  page  76,  also  an  analysis  made  of  the  unaltered 
pyroxene  (hjper,4hene)  is  inserted  on  page  74. 

The  syenite  exposed  in  the  north  cross-cut  on  the  100-foot  level  presents 
no  unusual  features.  It  is  composed  for  the  most  part  of  feldspar  and  blue 
quartz,  together  with  rutile,  ilmenite,  and  the  ferromagnesian  minerals  as 
minor  accessory  constituents. 
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Hekonite. 

In  the  underground  workings  the  nelsonite  bodies  vary  in  width  from 
5  feet  down  to  a  fraction  of  an  inch.  Normally  the  rock  is  an  even-granular 
mixture  of  ilmenite  and  apatite,  with  more  or  leea  rutile,  a  little  pyrrhotite. 
and  secondary  pyrite.  The  apatite  occurs  in  rounded  grains  1  to  2  mm.  In 
size  which  often  show  roughly  hexagonal  cross-sections,  and  the  ilmenite 
which  is  usually  dominant  surrounds  the  grains  of  apatite  and  fills  the 
interstices  between  them.  Rutile  is  usually  present  in  small  quantity  and 
in  places  becomes  the  dominant  mineral.  In  the  same  dike  and  within 
short  distances  the  normal  ilmenite  nelsonite  passes  by  increase  of  nitile 
into  the  rutile  variety  of  nelsonite  in  which  ilmenite  is  absent  or  only 
sparingly  present. 

Where  the  ilmenite  is  greatly  in  excess  over  rutile  the  nelsonite  is 
remarkably  uniform  in  texture  and  composition,  but  where  rutile  predomi- 
nates the  rock  becomes  much  more  variable-  In  the  rutile  nelsonite  the 
apatite  shows  a  strong  tendency  to  segregate  in  the  form  of  lenses  or  bands 
of  the  almost  pure  granular  mineral.  The  change  in  composition  is  not 
sudden  but  a  gradation  from  the  mass  of  pure  apatite  to  ordinary  nelsonite. 
Segregations  of  pure  rutile  also  occur  but  they  are  not  so  numerous  as  the 
apatite  masses.  This  segregation  of  minerals  often  gives  the  dike  an  ap- 
pearance of  imperfect  banding  or  erustification. 

Blue  quartz  is  usually  a  prominent  constituent  of  the  rutile  nelsonite 
and  sometimes  forms  an  appreciable  percentage  of  the  rock  mass.  It 
appears  to  be  more  closely  associated  with  the  rutile  than  with  the  apslite 
and  to  have  crystallized  out  at  about  the  same  time,  for  both  rutile  and 
quartz  occur  as  an  interstitial  Ailing  binding  the  grains  of  apatite  together. 
Where  the  percentage  of  apatite  is  small  the  individual  grains  of  the 
mineral,  which  have  the  same  size  and  shape  as  when  it  is  dominant, 
occur  as  inclusions  in  the  larger  masses  of  rutile  or  quartz.  Blue  qusrtz 
is  seldom  observed  megascopically  in  the  ilmenite  nelsonite  and  where 
present  is  usually  confined  to  the  border  portions  of  the  rock  near  the 
contact  with  syenite. 

DETAILED   DESCRIPTION    OF   OCCURRENCES. 

In  the  face  of  the  east  drive  from  the  north  end  of  the  adit  level  the 
nelsonite  is  narrow  and  of  the  ilmenite  variety.  In  the  short  crosMnt 
driven  south  from  the  west  end  of  the  drive  the  nelsonite  body  pinches  to 
a  narrow  stringer. 
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The  nelaonite  body  exposed  by  the  east  and  west  drive  (on  vein  No.  1) 
carried  a  high  percentage  of  rutile  where  it  was  first  cut  by  the  adit,  and 
was  completely  stoped  to  the  surface  for  a  distance  of  about  40  feet  along 
the  strike.  A  specimen  (315)  of  the  rutile  nelaonite  is  composed  of  the 
following  minerals  named  in  order  of  their  relative  abundance:  Rutile, 
apatite,  blue  quartz,  ilmenite  and  a  little  pyrite,  probably  secondary.  The 
apatite  is  developed  in  grains  2  to  3  nim.  long  and  about  1  nun.  thick, 
some  of  which  show  roughly  hexagonal  cross-sections.  As  most  of  the 
apatite  grains  are  oriented  in  the  same  direction  the  rock  presents  a  rudely 
banded  appearance,  which  may  be  due  to  flowage  that  occurred  after  the 
apatite  had  crystallized  but  before  the  rock  had  completely  solidified.  The 
mtile  and  blue  quartz  surround  the  apatite  grains  and  bind  them  together. 
Microscopically  a  thin  section  of  the  rock  shows  rutile,  apatite,  and  il- 
menite, with  some  pyrite,  and  the  usual  secondaTT  minerals.  No  unusual 
■features  are  observed.    An  analysis  of  this  rock  is  given  on  page  120. 

This  ore-shoot  of  mtile  nelsonite  passed  into  normal  ilmenite  nelaonite 
by  gradual  increase  of  ilmenite.  Specimens  of  the  ilmenite  nelsonite  show 
no  blue  quartz  but  seem  to  contain  a  much  higher  percentage  of  pyrite. 
A  photograph  of  a  polished  specimen  of  this  nelaonite  is  reproduced  in 
PI.  XII,  fig.  1. 

Thirty  feet  from  the  east  face  of  the  drive  the  nelsonite  splits  and 
between  the  two  branches  a  layer  of  rock  occurs  2  to  4  inches  tluck  and  in- 
termediate in  mineral  composition  between  nelsonite  and  syenite.  The  rock 
(Spec.  150)  consists  of  a  fine-grained  ground-mass  composed  of  apatite,  blue 
quartz,  rutile,  ilmenite,  biotite,  graphite,  pyrrhotite.  and  pyrite,  in  which  are 
imbedded  larger  masses  of  blue  quartz  and  feldspar  of  irregular  outline 
and  ranging  up  to  more  than  1  cm.  in  size.  Some  of  the  feldspars  show 
fine  multiple  twinning.  Some  chlorite  and  sericite  are  noted  as  alteration 
products.  It  is  diSicult  to  determine  by  megascopic  eiiamination  whether 
the  feldspar  and  blue  quartz  present  in  this  rock  are  the  result  of  inclusions 
or  are  due  to  some  process  of  segregation.  Microscopic  examination  of 
thin  sections  of  the  rock  indicates  tliat  the  silicate  minerals  are  original 
and  were  formed  by  segregation  processes.  It  is  therefore  intermediate  in 
mineral  composition  between  normal  nelsonite  and  syenite. 

In  the  other  nelsonite  body  {vein  No.  2)  a  rutile  ore-shoot  about  40 
feet  wide  was  encountered  between  the  adit  and  shaft.  This  was  stoped 
out  to  the  surface  and  a  winze  started  down  to  connect  with  the  100-foot 
level.  The  ore  exposed  in  the  winze  showed  extensive  segregation  of 
apatite  and  rutile  into  masses  of  almost  pure  mineral.    A  hand  specimen 
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(155)  was  obtained  which  showed  lenticular  segregations  of  apatite  more 
than  8  cm.  in  thickneBS.  These  lenses  are  composed  of  granular  apatite 
with  very  little  impurity  except  near  the  border  where  they  grade  into 
nelsonite  in  which  rutile  predominates.  In  the  larger  maseee  of  apatite 
(Spec.  154)  the  only  accessory  minerals  that  could  be  identified  mega- 
scopicaljy  were  pyrite  and  pyrrhotite,  a  grain  of  the  former  being  found 
in  the  center  of  an  apatite  crystal,  but  the  pyrite  is  largely  if  not  entirely 
secondary  in  origin.  Microscopically  a  thin  section  of  the  rock  (Spec 
154)  showed  apatite  without  trace  of  titanium-bearing  minerals  or 
sulphides.  A  thin  section  of  specimen  155  showed  the  following  minerals: 
Apatite  and  rutile,  the  former  greatly  predominating,  together  with  acces- 
sory pyrite,  a  few  grains  of  ilmenite  partly  altered  to  leucoxene,  and  an 
occasional  grain  of  quartz.  An  analysis  of  this  rock  (Spec.  154)  is  given 
on  page  108. 

The  nelsonite  body  is  cut  by  closely  spaced  joint  planes  along  which 
mnch  secondary  pyrite  has  been  deposited  coating  the  nelsonite,  but  where 
the  fractures  cut  segregations  of  pure  apatite  scarcely  any  pyrite  is  fonnd. 

Some  blue  quartz  is  present  in  most  of  the  rutile  nelsonite,  and  it  is 
found  concentrated  in  greater  quantity  along  the  contact  with  the  syenite 
or  where  there  are  included  masses  of  the  latter  in  the  nelsonite.  Along 
such  contacts  a  few  small  shreds  of  light  brown  mica  (biotite)  may  usually 
be  distinguished.  Masses  of  coarsely  crystalline  rutile  (Spec.  158)  occur 
that  are  practically  free  from  impurities  other  than  sulphides,  but  they 
do  not  seem  to  be  as  numerous  as  the  segregations  of  apatite.  By  increase 
of  apatite  they  grade  into  the  cvon-granular  nukonite.  In  PI.  XV  a 
polished  specimen  of  rutile  nelsonite  is  reproduced  natural  size,  showing 
rudely  imperfect  banding  due  to  partial  segregation  of  the  rutile  and 
apatite.  Masses  of  nearly  pure  rutile  grade  into  bands  of  nelsonite  in 
which  apatite  predominates.  The  apatite  appears  to  have  crystallized  first, 
for  the  grains  are  surrounded  and  held  together  by  rutile,  and  in  places 
very  fine  veinlets  of  the  latter  penetrate  the  apatite  grains.  Some  long, 
narrow  stringers  or  irregular  lenses  of  kaolinized  feldspar  and  blue  quart? 
may  be  seen  on  the  right  side  of  the  plate.  Pyrite  apparently  secondsir 
was  the  only  other  mineral  that  could  be  identified. 

Sketch  fig.  16  shows  the  appearance  of  the  Boathweet  face  in  the  drive 
along  the  nelsonite  body  (Specs.  140A  to  D)  in  the  100-foot  level.  The 
nelsonite  body  (vein  No.  2)  varies  from  6  inches  to  18  inches  in  width,  is 
an  even-granular  rock  consisting  of  75  to  80  per  cent  of  ilmenite,  apatite, 
and  a  little  pyrrhotite  and  pyrite.     It  is  cut  by  many  joint  planes  along 


sdbyGoOgle 


NEiaONITB. 


Fig.  16. — Sketch  showing  nelaonite  in  face  of  southwest  drive  on  No.  2  dike,  100- 
foot  level,  of  the  General  Electric  Company's  mine,  Nelson  County.  (ft) 
Feldspar,  blue  quarts,  and  hornblende,  (n)  neUonite,  (a)  feldspar  and  blue 
quartz,   (p)   feldspar  chiefly  with  atreaka  of  pyrrhotite. 

which  it  breaks  readily  into  angular  blocks.  On  the  foot-wall  side  th^re 
is  a  atrip  of  nekonite  varying  in  width  from  4  or  5  inches  down  to  almost 
nothing  which  contains  narrow  stringers  or  lenses  of  feldspar  and  blue 
quartz.  In  places  the  nelsonite  in  this  strip  runs  higher  in  apatite,  perhaps 
as  much  as  75  per  cent,  but  otherwise  it  is  not  different  from  the  main 
portion  of  the  nelsonite  body.  The  grains  of  apatite  average  about  1  mm. 
in  size  and  often  show  roughly  hexagonal  cross -sect!  on  s ;  the  ilmenite 
surrounds  and  fills  the  interstices  between  the  apatite  grains.  Passing 
northeast  along  the  nelsonite  body  it  is  found  to  be  irregular  in  width  but 
uniform  in  composition,  tliere  being  no  rutile  nelsonite  exposed  such  as  was 
found  on  the  level  above. 

The  east  and  west  nelsonite  body  (vein  Xo.  1),  where  cut  in  the  cross- 
cut on  the  100-foot  level,  was  18  inches  wide  and  dipped  toward  the 
south  50",  but  in  a  raise  started  at  this  point  the  dike  rapidly  narrowed 
and  split  into  a  number  of  stringers  similar  to  those  exposed  in  the  surface 
opening  on  the  same  dike.  The  nelsonite  at  this  point  is  composed 
essentially  of  ilmenite  and  apatite  with  little,  if  any,  rutile.  A  little 
pyrrhotite  and  secondary  pyrite  were  also  noted. 
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In  several  places  oairow  tonguee  1  to  3  mm.  wide  and  as  much  as  2  cm. 
long  extend  outward  from  the  uelsonite  into  the  syenite.  The  nelsonite  is 
uniform  in  texture  and  composition  except  along  the  contact  where  there  it 
a  band  1  to  4  mm.  in  width  consisting  of  small  flakes  of  light  brown  biotitf^ 
blue  quartz,  ilmenite,  and  occasional  grains  of  apatite.  The  syenite  form* 
ing  the  walls  of  this  stringer  is  composed  of  white  feldspar  with  a  little 
blue  quartz  drawn  out  into  broken  lines  parallel  to  the  nelsonite,  and  a 
few  scattered  grains  of  pyrrhotite  and  ilmenite,  the  latter  being  more 
abundant  near  the  contact.  A  little  pyrite  mostly  secondary  is  present 
in  the  specimen  but  is  almost  entirely  confined  to  the  nelsonite. 

In  places  the  rutile  nelsonite  grades  into  the  syenite  without  definite 
contacts,  which  is  more  noticeable  when  the  dike  is  narrow  and  where 
rutile  greatly  predominates  over  apatite. 

This  gradation  is  well  shown  in  a  polished  specimen  obteined  from  one 
of  the  nelsonite  bodies  on  the  adit  level  and  reproduced  in  PI.  XXX.  In 
this  specimen  the  boundary  between  the  syenite  and  nelsonite  is  very 
irregular;  rutile  extends  out  into  the  syenite  and  feldspar  into  the  nel- 
sonite. For  a  distance  of  3  or  4  cm.  from  the  syenite  the  nelsonite  stringer 
is  composed  almost  entirely  of  rutile  with  about  10  per  cent  of  ilmenite 
in  interlocked  anhedra  averaging  0.5  cm.  in  size.  There  are  a  few  scattered 
grains  of  apatite  most  of  which  are  in  contact  with  or  wholly  inclosed  by 
ilmenite.  By  increase  in  apatite  the  stringer  grades  laterally  into  typical 
nelsonite.  There  are  numerous  grains  of  rutile  and  ilmenite  in  the  syenite 
within  3  or  4  cm.  of  the  nelsonite  stringer  and  also  occasional  grains  of 
apatite.  The  syenite  contains  a  few  small  lenses  of  blue  quartz  with  flieir 
longer  axis  parallel  to  the  nelsonite  stringer. 

There  are  numerous  cavities  in  the  nelsonite  partly  filled  with  ferric 
hydroxide  and  smaller  cavities  in  the  syenite  surrounded  by  reddish-brown 
stains.  It  is  believed  that  these  cavities  were  originally  filled  with  piTrho- 
tite  that  has  been  leached  out  and  in  part  redeposited  below  as  secondarr 
pyrite.  The  feldspar  of  the  syenite  is  kaolinized  along  fractures  anil 
cleavage  planes  and  more  extensively  along  the  contact  with  nelsonite. 

Near  these  nitile-apatite  stringers  the  syenite  is  sometimes  corapo^ 
of  large  feldspar  individuals  10  cm.  or  more  in  size  with  irregular  rounded 
boundaries,  the  space  between  tfaem  being  filled  with  rutile,  ilmenite, 
apatite,  blue  quartz,  and  smaller  grains  of  feldspar.  This  occurrenw  ii^ 
illustrated  by  the  polished  s[>ecimen8  shown  in  Pis.  XXX  anil  XXM- 
The  large  feldspar  seen  in  PI.  XXXII  is  a  light  bluish-gray  individual  of 
microperthite  twinned  on  the  Carlsbad  law. 
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INUtS 


ipctinn  of   a   rutile   stgre^tion   ii 
Miy's  miiip.  Kplson  (.'(lunty.     Tbi" 

xa  (111*  til  difference  in  tlip  oripntation  "t  nitile  cryslHln.  On  phpIi  side  of 
itile  in  an  irrefjiilar  biinil  ('nni|><i-'i-<l  rhielly  of  apatile  witli  rioiiie  nmBll 
I  of  rutiie.  Tlip  inelosiiif;  roek  is  syenite  oontaining  chiplfy  feldspar 
Iv  white-gravinh  mniiM'^l  and  oe<-iisiimn1  Idiie  i|i)artx,  ll'oiiettei)  Ijv 
'l..   Urns.      I'liotof-rniiliPil  by  V.  S,  (Jer.l.  Survey.) 

RLTILE  SKnUKGATTON   IN  NKLSONITK. 
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VlKtilNIA  tiEOl.OCJCAI.  SIRVRV.  m:i,I.RTIN  IIIA      PLATE  XXXIl, 


Polinht^l  K[HH!inieo  of  a  large  Cnrliibail  twin  of  pertlittic  nrthnrlaii?  on  Imrdpr  of 
nelmmite  dike.  Projeetion  at  bottom  is  country  rock  (Hjenitp)  containing 
fp|di«par  ami  «)nip  Hmall  eves  of  blue  quarts.  Riitile  ftegrejfutions  rimming:  the 
feldspar  twin  name  as  in  Pl».  XXX  and  XXXt.  (roiiecled  by  Frank  L.  ITe;*", 
Photographed  by  U.  S.  Geol.  Survey.) 

CARLSBAD  TWIN  OF  FELDSPAR  IN  NEL80NITE. 
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Most  Specimens  of  nelsonite  taken  from  the  adit  level  disintegrate  in 
the  course  of  a  few  months  on  exposure  to  the  atmosphere.  This  is  due 
to  the  rapid  osidization  of  one  of  the  iron  sulphides,  and  is  accompanied 
bj  the  formation  of  an  efBorescence  of  ferrous  sulphate  and  sometimes  by 
the  liberation  of  free  sulphur.  The  nelsonite  from  the  100-foot  level 
although  containing  both  pyrrhotite  and  pyrite  does  not  undergo  this 
rapid  oxidation. 

The  pjnrrhotite  appears  to  have  been  a  primary  constituent  but  it  is 
believed  that  the  pyrite  is  mostly  if  not  entirely  secondary  in  origin  and 
was  probably  derived  in  part  at  least  from  the  pyrrhotite  in  the  rocks 
near  the  surface  and  red^wsited  below.  In  the  nelsonit«  close  to  the 
surface  the  sulphides  have  been  almost  completely  removed  by  oxidation 
and  solution.  The  secondary  pyrite  deposited  along  joint  planes  seems 
to  show  a  preference  for  the  nelsonite,  as  very  little  is  found  in  the  syenite 
or  even  in  the  segregations  of  pure  apatite  occurring  in  the  nelsonite.  It 
is  of  interest  to  note  that  notwithstanding  the  extensive  solution  and 
removal  of  apatite  from  the  nelsonite  near  the  surface  no  evidence  of 
secondary  apatite  redepoaited  at  depth  was  found  in  any  of  the  under- 
ground workings. 

Composition  of  the  apatite. — An  analysis  of  apatite  made  from  one  of 
the  segregated  masses  occurring  in  the  rutile  nelsonite  at  the  General 
Electric  Company's  mine  gave  the  following  results: 

Analysis  of  apatite  from  General  Electric  Company's  mine.  Nelson  County. 
(Wii.  M.  Thobrtok,  Jb.,  Anal]/tt.) 

Per  cent. 

CaO   54.37 

MfO 0.53 

P.O.    41.30 

P  2.50 

CI    0.10 

SiO 0.33 

•no 0.20 

Pe.O, 0.61 

H,0  0. 19 

100.13 
Excess  oxygen 1.07 

S9M 
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Aa  indicated  by  the  analysis  thi  mineral  is  the  flnor-apatite  variety, 
containing  a  very  email  amoont  of  chlorine.  This  ie  in  accord  with  the 
nelsonitee  in  general  as  an  examination  of  tbe  table  of  analyses  of  the 
rocks,  on  page  147,  reveals  the  fact  that  the  variety  of  apatite  present  is  a 
flnor-apatite,  in  which  a  variable  but  minute  quantity  of  chlorine  is  fre- 
quently present.  One  analysis  showed  the  interesting  variety  mangaa- 
apatite  to  be  present  in  the  rock. 

The  Bureau  of  Standards  determined  the  melting  point  of  the  apatite 
represented  by  the  above  analysis  to  be  1,645°  C. 

Composition  of  the  rutile.—A  specimen  of  mtile  isolated  and  cleansed 
from  neleonite  at  the  General  Electric  Company's  mine  yielded  the  fol- 
lowing results  on  analysis : 

Analysis  of  rutile  from  OenenU  Electric  Companj/'s  mine.  Nelson  County. 
(Wm.  M.  Thobkton,  Jb.,  Analytt.) 

Per  cent. 

TIO,  98.80 

PeO 1.68 

SiO,  0.26 

V,0 0.20 

Cr,0, 0.07 

SnO,   None 

Cb,0 None 

Ta,0, None 

101.01 
Specific  gravity  4.21 

A  determination  of  the  melting  point  of  the  mtile  represented  by  the 
analysis  above  made  by  the  Bureau  of  Standards  gave  liTOO"  C.  The  chief 
interest  which  attaches  to  the  composition  of  the  nelsonite  mtile,  shown 
in  the  analysis  above,  as  well  as  that  of  the  syenite  mtile  (page  194),  is 
the  presence  of  vanadium  and  chromium  in  very  small  but  determinable 
amounts.  It  is  of  interest  to  note  in  this  connection  that  tbe  ilmenite 
of  the  nelaonite  (page  191)  also  shows  appreciable  small  quantities  of  the 
same  elements.  In  both  minerals,  mtile  and  ilmenite,  tantalum  and 
columbium  were  carefully  looked  for  but  were  not  detected. 

Composition  of  the  ilmenite. — The  chemical  composition  of  tbe  ilmenite 
separated  from  the   rock   ilmenite  nelsonite   ie  shown  in   the  subjoined 
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Analt/sis  of  ilmenite  from  the  General  Electric  Company's  mine. 

Nelson  County. 

(Wm.  M.  Thobnton,  Jb.,  Analyst.) 

Per  otnt. 

TIO.  54.44 

PeO 40.94 

MnO  0.52 

Pe>0. 4.26 

SIO.   0.34 

Cr>0. 0.07 

V,0 0.29 

SnO,   Trace 

Cb,0. None 

TaiOi None 

100.S6 
Specific  gravity  4.713 

The  melting  point  of  the  ilmenite  as  measured  by  the  Bureau  of 
Standards  is  1,390°  C. 

Gabbro. 

A  gabbro  dike  7  feet  wide  was  cut  by  the  adit  at  a  distance  of  60  feet 
from  the  portal,  where  it  dipped  toward  the  north  at  an  average  angle 
of  50°.  Westward  the  gabbro  cuts  the  neUonite  body  and  widens  rapidly, 
BO  that  within  50  feet  it  has  Increased  to  more  than  40  feet  in  width.  (See 
fig.  14).  On  this  level  the  gabbro  is  almost  completely  disintegrated 
and  about  the  only  unaltered  mineral  constituent  is  graphite,  which  occurs 
uniformly  distributed  in  large  quantity.  There  are  numerous  lenticular 
inclusions  or  stringers  of  syenite  distributed  through  the  gabbro  M-liiri, 
show  much  less  alteration  than  the  inclosing  rock.  They  art:  lomposed 
chiefly  of  feldspar  with  blue  quartz  drawn  out  into  long,  ii  tegular,  broken 
lines  and  usually  contain  a  few  small  grains  of  rutilc.  Some  of  them 
cany  much  graphite. 

One  hundred  and  twenty  feet  west  of  the  adit  the  drive  passed  through 
a  partly  decomposed  diabase  dike  15  inches  wide,  having  a  strike  of  N".  15° 
E.,  and  a  dip  of  45°  towards  the  southeast.  Just  beyond  this  dike  a  fairly 
fresh  specimen  (148)  was  obtained  froi>,  the  face  of  the  drive  but  it  is 
nncertain  whether  it  repreeente  an  alte  d  inclusion  of  syenite  or  a  rock 
intermediate  between  it  and  gabbro.  ..  is  a  medium-grained,  dark  gray, 
gneissic  rock  composed  of  feldspar,  blue  quartz,  hornblende,  graphite, 
garnet,  and  biotite.  The  flakes  of  graphite  are  mostly  developed  in  the 
feldspar  but  also  occur  in  the  quartz  and  hornblende.  The  garnet  occurs 
in  irregular  pink  grains.     (See  PI.  XXVIII,  iig.  2.) 
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The  gabbro  was  cut  again  in  the  north  cross-cut  on  the  100-foot  level 
about  50  feet  from  the  shaft.  The  dike  at  this  point  is  8  feet  wide,  dipe 
55°  towards  the  north,  and  has  a  strike  of  S.  76°  E.  It  is  a  porphyritic 
rock  (Spec.  145)  of  dark  brown  color,  the  irregular  phenocrysts  of  feldspar 
measuring  about  5  mm.  in  size  and  imbedded  in  a  ground-mass  of  bine 
quartz,  feldspar,  hornblende,  ilmenite,  nitile,  biotite,  graphite,  and  a  little 
sericite.  The  roek  is  quite  similar  in  appearance  to  the  gabbro  (Spec.  131 
found  01)  the  American  Rutile  Company's  property  near  Roseland.  Micro- 
scopically a  thin  section  of  this  rock  showed  pronounced  foliated  structure. 
It  is  composed  of  biotite  largely  altered  to  brown  chlorite,  pyroxene 
altered  to  fibrous  blue-green  hornblende,  alkalic  feldspar,  quartz,  apatite 
in  large  anhedra,  itmeuite  altered  peripherally  to  leucosene,  zircon  (?), 
and  colorless  mica.  A  part  of  the  pyroxene  (hypersthene)  represents  cores 
rimmed  by  the  secondary  fibrous  hornblende.  The  quartz  is  granulated 
and  exhibits  marked  wavy  extinction. 

An  analysis  of  the  gabbro  is  given  in  column  I  on  page  93. 

Diabase. 

Several  diabase  dikes  are  exposed  in  the  underground  workings  on  the 
General  Electric  Company's  property.  The  largest  one  (Spec,  146)  is 
exposed  in  the  surface  cut  180  feet  north  of  the  shaft  and  was  cut  again 
on  both  the  adit  and  100-foot  levels.  It  is  3  feet  wide,  has  a  uniform  dip 
of  49°  towards  the  south,  and  a  strike  of  N.  63°  E.  It  is  a  dark  gray, 
fine-grained,  massive  rock  in  which  small  grains  of  pyrrhotite  and 
ilmenite  (  ?)  may  be  distinguished  by  the  naked  eye.  A  thin  section  of  the 
rock  studied  under  the  microscope  shows  it  to  be  a  very  fine-grained 
uralitic  basalt  of  granular  rather  than  ophitic  texture.  The  augite  is 
altered  to  brown  biotite  and  fibrous  hornblende  accompanied  by  the 
separation  of  minute  particles  of  black  iron  oxide.  Irregular  grains  and 
mat'ses  of  magnetite  or  ilmenite  partly  altered  to  leuooxene  are  abundant. 

A  diabase  dike  cutting  the  gabbro  in  the  east  drive  from  the  adit  has 
been  described  on  page  191,  It  was  too  badly  altered  to  admit  of  micro- 
scopic study. 

Several  small  dikes  of  diabase  were  encountered  in  the  cross-cnt  on 
the  100-foot  level  20  feet  north  of  the  shaft.  They  range  in  width  from 
12  inches  down  to  less  than  an  inch,  observing  a  strike  of  about  X.  20°  E. 
A  specimen  (144)  was  collected,  showing  one  of  the  dikes  encased  in  the 
feldspatliic  syenite.  The  contact  between  the  diabase  and  syenite  is  not  a 
perfect  plane  but  a  series  of  small  wave-like  curves.  Slight  branches  of  the 
diabase  approximately  parallel  to  the  main  stringer  penetrate  into  the 
syenite,  and  there  are  minor  inclusions  of  the  syenite  in  the  diabase.    The 
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diabase  ia  very  fine-grained  at  the  contact  but  grades  into  a  slightly 
coarser  rock  at  the  centre  of  the  dike.  Lath-like  feldspar  crystals  1  mm. 
long  can  be  distinguished  which  appear  to  be  more  plentiful  near  the  con- 
tact. Under  the  microscope  a  thin  section  showed  it  to  be  an  olivine 
diabase  of  microporphyritic  texture  composed  chiefly  of  augite,  large  perfect 
laths  of  plagioclase  feldspar  (labradorite),  olivine,  magnetite,  and  rutile. 
Olivine  is  partly  developed  with  idiomorphic  form,  shows  its  usual  char- 
acteristics, and  contains  in  a  few  instances  inclosures  of  the  other  minerals. 
There  is  frequently  associated  with  it  granular  aggregates  and  squarish 
crystals  of  greenish-brown  rutile.  Butile  ia  quite  abundant.  The  other 
minerals  show  no  unusual  characters. 

THE  BUTUE  OSE. 

OEHBKAL  STATEMENT. 

Lithologically  two  distinct  types  of  rutile  occur  in  the  Amherst-Nelson 
counties  region  and  each  has  been  mined.  In  the  tirflt  type,  designated 
syenite  (formerly  called  pegmatite)  rutile,  the  rutile  occurs  chiefly  as 
difi^'c.-minated  grains  of  various  sizes  and  as  :-t-gr<'trulions  in  thi'  form  of  wavy 
lines  uiotlified  by  dynamic  metamorphism,  in  the  i-oar!-i-graintd  syenite.  In 
the  second  type,  designated  nelsonitc  rutile,  the  rutile  occurs  in  the  even- 
grannlar  rock  nelsonite,  having  dikelike  characters  and  composed  normally 
of  apatite  and  ilmenite.  These  two  occurrences  of  the  rutile,  including 
petrologic  characters  and  chemical  analyses,  are  described  in  the  followinp 
pages. 

STEHITE  RTTTILE, 

Megascopic  character. — The  syenite  rutile  is  red  to  reddish-brown  in 
color,  has  a  metallic-adamantine  lustre,  and  is  remarkably  pure.  The 
rutile  grains  vary  in  size  from  very  minute  granules,  almost  microscopic 
in  dimensions,  up  to  masses  weighing  many  pounds.  A  single  mass  of  pure 
mtile  now  in  the  Survey  collections  at  the  University  of  Virginia,  found 
on  the  Bryant  farm,  1.5  miles  west  of  Rose  Union,  during  liie  projrrcss  of 
field  work  on  this  report,  weighs  49  pounds. 

The  rutile  occurs  as  an  original  mineral  irregularly  distributed  through 
the  rock,  ranging  from  sparsely  disseminated  grains  to  segregations  which 
locally  make  up  probably  30  per  cent  or  more  of  the  entire  rock  mass. 
The  probable  average  where  worked  by  the  American  Rutile  Company 
near  Roseland  in  the  syenite  is  about  4  or  5  per  cent.  The  mineral  occnra 
as  separate  crystalline  grains  and  aygre^rates  with  in  no  instance  any 
indication  megascopically  of  crystal  boundaries  observed.  Although 
careful  search  was  made  in  the  field  for  rutile  crystals  not  one  was  found. 
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A  possible  explanation  for  the  absence  of  rutile  crystals  may  be  the  effect 
of  intense  though  unequal  dynamic  metamorphism  to  which  the  rocks  of 
the  area  have  been  subjected  since  their  formation.  Segregations  of  mtile 
in  the  syenite,  showing  mashing  from  dynamic  forces,  occur  as  irregular 
wavy  lines  or  stringers  composed  of  disconnected  rutile  graiDS  of  variable 
size  (PI.  XXXIII).  Segregations  of  this  character  are  worked  by  the 
American  Rutile  Company  near  Roseland  and  occur  in  the  same  rock  at 
other  places  in  the  district,  especially  about  700  yards  southwest  of  the 
American  Rutile  Company's  quarries,  in  the  bluff  bordering  the  lowlands 
on  the  west  side  of  Tye  River  (p.  84,  PI.  XXXIII),  on  the  Hubard  farm 
(p.  82),  and  on  the  Cox  farm  1.5  miles  northwest  of  Rose  Union  (page  811. 
Where  hornblende  has  developed  in  quantity  the  rock  has  been  crushed  into 
a  gneiss,  elsewhere  or  in  the  more  feldspathic  facies  of  the  rock  gneis'^ie 
structure  is  less  emphasized. 

The  rutile  occurs  similarly  in  the  syenite  in  each  of  the  three  rock- 
forming  minerals — ^feldspar,  quartz,  and  secondary  hornblende  (actino- 
lite) — and  locally  is  associated  with  some  ilmenite,  especially  in  the  quartz 
and  hornblende  (uralite).  It  is  disseminated  at  times  quite  uniformly  in 
places  through  the  feldspathic  portions  of  the  rock,  and  so  far  aa  mining 
operations  have  extended,  the  rutile  associated  with  this  facies  of  the  rock 
is  practically  free  from  ilmenite  and  other  iron-bearing  minerals.  When 
present  ilmenite  has  a  similar  mode  of  occurrence  to  rutile  with  which  it  is 
intimately  associated.  The  rock  is  remarkably  free  from  other  metallic 
minerals.  Apatite  is  closely  associated  locally  with  the  rutile,  especially 
where  large  segregated  masses  of  rutile  are  found  in  the  syenite. 

Compo.fition  of  the  rutile. — A  sample  of  rutile  from  the  "A"  grade 
concentrates  of  the  American  Rutile  Company,  quarried  and  milled  from 
the  openings  in  syenite  along  Tye  River,  was  further  purified  and  analyzed 
with  the  following  results: 

Analysis  of  rutile  from  syenite  near  Roseland,  Nelsnn  County. 
(WM-  M.  Thobbton,  Jb.,  Analyst.) 

Per  cent. 

TiO=  95.71 

FeO 2.35 

SiO, 0.92 

A),0.    n.  d 

Cr,0. 0.02 

V.0 0.15 

MnO   Trace 

Total  99.15 

Sprrifle  gravity  j.l96 
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The  melting  point  determined  on  a  part  of  the  same  sample  of  rutile 
b;  the  Bureau  of  Standards  gave  1,690°  C.  Attrition  ia  called  in  the 
analysis  to  the  presence  of  chromium  and  vanadium,  and  its  striking 
sinularitj  to  that  of  the  nelsonlte  rutile  on  page  197,  with  which  this  one 
should  be  compared.  Vanadium  and  chromium  are  present  in  both  nitiles 
and  in  about  the  same  ratio,  with  vanadium  largely  in  excess  of  chromium 
in  each  case.  Careful  chemical  tests  fail  to  indicate  the  presence  of  either 
tin,  columbium,  or  tantalum  in  the  mtile. 

Vanadium  and  chrominm  being  among  the  rarer  elements,  they  have 
not  been  generally  sought  for  in  analyses  of  rutile,  and  yet  in  the  rutiles 
of  this  and  foreign  countries  on  which  chemical  and  spectroscopic  exam- 
inations have  been  made  for  these  elements,  vanadium  with  only  one  or 
two  exceptions  and  frequently  though  less  often  chromium,  have  been 
shown  to  be  present  in  percentage  amounts  ranging  from  a  trace  to  con- 
siderably less  than  a  fraction  of  1  per  cent.  In  every  case  where  these 
elements  have  been  determined  in  rutiles  vanadium  is  in  excese  of 
chromium.  As  already  stated  analyses  made  of  the  rutile  and  ilmenite 
from  the  Virginia  district  indicate  the  presence  of  both  vanadium  and 
chromium  in  every  instance. 

Microscopic  character. — Under  the  microscope  the  physical  properties 
of  the  mtile  are  plainly  marked  and  show  no  unusual  characters.  The 
rutile  is  usually  red  to  reddish-brown,  sometimes  yellowish-brown  in  color, 
and  at  times  exhibits  fairly  noticeable  pleochroism,  but  often  so  slight  as 
not  to  be  observed.  Cleavage  and  twinning  are  frequently  developed  and 
the  individual  grains  are  often  partly  or  wholly  rimmed  by  the  colorless 
to  light  gray  alteration  product  leucoxene  (titanite)  as  border  zones  of 
variable  width  but  usually  very  narrow.  Leucoxene  has  also  formed  along 
fracture  lines  which  frequently  penetrate  and  cross  the  rutile  grains  as  the 
result  of  dynamic  metamorphism.  Definite  inclusions  of  other  minerals 
are  very  rare,  and  when  developed  as  separate  grains  adjacent  to  those  of 
ilmenite  the  boundaries  of  the  rutile  and  ilmenite  are  sharply  defined. 

llicroscopic  study  of  a  large  number  of  thin  sections  shows  the  rutile 
developed  in  crystalline  grains  irregularly  disseminated  through  the  rock- 
forming  silicate  minerals,  and  alao  formed  between  individual  feldspar 
grains  or  between  feldspar  and  quartz  grains,  and  penetrating  both  min- 
erala.  Both  angular  interlocking  boundaries  and  somewhat  rounded  non- 
interlocking  boundaries  are  developed  between  individual  rutile  grains  and 
those  of  the  inclosing  rock  minerals. 

Rutile  has  not  developed  along  fracture  lines,  cleavage  or  twinning 
planes  of  the  rock  minerals,  but  it  has  formed  in  relations  to  the  silicate 
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mineralB  much  after  the  fashion  of  primary  metallic  oxides  or  ore  mineraU 
in  igneous  rocks.  Frequently  the  fractures  which  penetrate  the  silicate 
minerals  also  cross  the  included  rutile  grains.  These  relations  indicate 
magmatic  crystallization  of  the  rutile  with  the  associated  rock-forming 
silicate  minerals.  There  ie  no  evidence  for  regarding  the  rutile  to  be  of 
secondary  origin,  although  the  masses  and  grains  of  the  mineral  hflv<?  bepn 
more  or  less  crushed  and  broken  in  places  from  dynamic  metamorphism, 
forming  at  times  wavy  lines  of  rutile  grains  of  variable  size  (PI,  XXXIII). 

HELSOHITE  EtTTILS. 

Megascopic  character. — Nelsonite  rutile  is  limited  in  occurrence  to  the 
dikfilike  bodies  composed  essentially  or  entirely  of  the  ore  minerals,  ilmenite 
and  apatite,  the  normal  phase  of  the  rock.  The  mtile-bearing  bodies  show 
all  gradations  in  the  ratio  of  rutile  and  ilmenite,  from  a  granular  mixture 
composed  of  dominant  rutile  and  apatite  with  little  or  no  ilmenite  to  one 
composed  of  ilmenite  and  apatite  with  or  without  subordinate  rutile. 
Qradations  between  these  two  extremes  are  observed  in  the  same  body. 
The  rock  with  dominant  rutile  and  apatite  in  a  given  position  in  the  nel- 
sonite body  may  gradually  pass  with  increasing  depth  or  laterally  into  a 
phase  of  the  rock  composed  essentially  of  ilmenite  and  apatite.  Accessory 
pyrite,  including  probably  pyrrhotite,  in  part  at  least  secondary,  is  a  con- 
stant  though  variable  constituent  of  the  rock. 

The  norma  calculated  from  the  analyses  on  page  147  of  a  representative 
ilmenite-bearing  rutile  nelsonite  and  of  a  representative  rutile*bearing 
ilmenite  nelsonite  presented  in  tabular  form  below,  illustrate  the  variation 
in  rutile  percentage  and  show  the  percentages  of  the  three  principal 
minerals. 


Percentages  of  rutile,  ilmenite,  and  apatite  in  re 

}resentative 

nelsonitet. 

Name  of  rock 

Butile 

nmenlte 

Apatitt 

nmenite-bearing  nitlle-apatlte  nelsonite 
Bntile-bearlDK  ilmenlte-apatlte  nelsonite 

64.56 
5.76 

9.73 

60.65 

22.18 
29,57 

A  detailed  description  of  the  rutile  nelsonite  bodies  is  given  on  psges 
117-123. 

The  nelsonite  rutile  is  uniformly  darker  in  color,  both  in  hand  speci- 
mens and  in  thin  sections,  than  the  rutile  of  the  ^enite.  The  reason  for 
this  difference  of  color  is  not  entirely  apparent  since  analyses  of  the  two 
types  of  the  mineral  are  closely  similar,  and  it  can  not  be  ascribed  to 
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inequality  of  total  iron  content,  but  may  be  due  to  a  difference  of  Tanadinm 
present.  The  rutile  occurs  in  formlesa  grains,  not  exceeding  as  a  rule 
3  mm.  in  size,  although  occasional  segregations  of  coarse  mtile  vhich  grade 
into  nelsonite  are  observed  (PI.  XV).  Segregations  of  the  rutile  in  the 
nelsonite  bodies  are  less  frequently  developed  than  those  of  apatite. 
Detailed  deacriptioDs  of  the  rutile  nelsonite  bodies  are  given  on  pages 
117-123  to  which  the  reader  is  referred. 

Composition  of  the  rutile. — An  analysis  of  rutile  isolated  from  speci- 
mens of  rutile  nelsonite  at  the  General  Electric  Company's  mine,  1.5  miles 
northweet  of  Rose's  Mill,  gave  the  following  results. 

Analysis  of  nelsonite  rutile  from  near  Rose's  Mill,  Nelson  County. 
(Wit.  M.  Thobntos,  Jb.,  Analyat.) 

Per  cmt. 

no 98.80 

FeO 1.68 

SiO, 0.26 

Cr,0 0.07 

V.O.   0.20 

Total  101.01 

Specific  gravity 4.21 

The  melting  point  of  the  rutile  from  the  same  sample  was  determined 
by  the  Bureau  of  Standards  to  be  1,700°  C.  Comparison  of  this  analysis 
with  that  of  the  syenite  rutile  on  page  194  indicates  their  close  similarity. 
The  ratio  of  Cr,0,  and  YgO,  in  the  two  analyses  is  of  the  same  general 
order. 

Microscopic  character. — In  thin  sections  under  the  microscope  the  rutile 
presents  no  unusual  characters.  It  is  dark  yellowish-  to  reddish-brown 
and  sometimes  though  not  always  exhibits  noticeable  pleochroiam,  E  >  0. 
Both  cleavage  and  twinning  are  frequently  developed  and  the  mineral  is 
remarkably  free  frpm  inclusions.  Slight  alteration  to  leucoxene  periph- 
erally and  along  irregular  fractures  is  noted.  The  rutile  is  developed 
in  formless  crystalline  grains,  sometimes  inclosing  apatite,  less  often 
ilmenite  when  present,  and  in  turn  is  inclosed  by  the  same  minerals.  In 
most  cases  the  evidence  suggests  nearly  simultaneous  crystallization  with 
the  other  principal  minerals.  No  evidence  has  been  developed  either  from 
the  field  or  laboratory  study  for  regarding  the  rutile  of  the  nelsonite  bodies 
or  that  of  the  syenite  as  of  secondary  or  subsequent  origin. 

Hutile-bearing  nelsonite  bodies  have  been  exploited  at  several  localitiea 
in  the  district,  chiefly  in  the  vicinity  of  Rose's  Mill  and  Eoseland. 
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LOVINGSTON  DISTRICT. 

INTBODUCTOBY  BTATEMEKT. 

The  country  rock  of  the  LovingBton  district  is  a  biotite-qoartz  mon- 
zonite-gneiss  of  the  same  general  character  as  that  described  ou  pages 
59-66.  It  is  traversed  by  numerous  dikes  of  coarse-  (pegmatite)  and  fine- 
grained granite,  and  nelsonite.  Some  of  the  more  important  acid  dikes 
are  described  below.  Three  varietiea  of  nelsonite  in  which  magOL-tite, 
biotite,  and  hornblende  are,  respectively,  the  dominant  constituents  occur 
in  this  district  and  are  described  under  nelsonite  on  pages  123-138.  Normal 
ilmenite  and  rutile  nelsonite  bodies  are  not  found  in  the  Lovingston 
district. 

Biotite  Oneiu. 

Biotite  gneiss  of  quartz  monzonitic  composition  forms  the  principal  rock 
type  in  the  Lovingstou  district.  It  is  identical  with  the  outside  gneiss  of 
the  Roseland  district  of  which  it  is  a  part,  and  while  minor  variations  in 
structure  and  composition  are  shown,  its  general  character  is  everywhere 
the  same.  It  varies  from  medium-  to  coarse-grained  in  texture,  usually  of 
medium  gray  color,  and  having  a  pronounced  banded  or  schistose  structure. 
Usually  porphyritic  texture  is  developed  in  the  rock,  the  feldspar  pheno- 
erj^sts  ranging  up  to  3  cm.  in  diameter.  The  direction  of  strike  of  the 
structure  (schistosity)  varies  from  N.  35°  E.  as  measured  in  the  large 
exposures  of  the  rock  1.5  miles  southwest  of  Lovingston  to  X.  57°  E.,  three- 
quarters  of  a  mile  north  of  the  town. 

Along  the  slope  of  the  ridge  lying  east  of  Lovingston  ai^e  many  exposuri's 
of  the  foliated  biotite  gneiss,  partly  as  broad,  smooth  surfaces  almost  bare 
of  vegetation  which  sometimes  cover  an  area  of  half  an  acre  in  extent,  and 
partly  as  sheet-like  masses  that  project  boldly  from  the  side  of  the  mountain 
in  a  direction  parallel  to  the  schistosity.  The  direction  of  strike  of  the 
schistosity  is  remarkably  uniform  throughout  the  section  around  Lovinjri=ton, 
rarely  varying  more  than  a  few  degrees  from  N.  40°  E. 

Feldspar,  quartz,  and  biotite.  in  the  order  named,  are  the  principal 
components  of  the  rock  readily  distinguishable  by  the  naked  eye.  Micro- 
scopically thin  sections  of  the  rock  naturally  exhibit  some  variation  in 
mineral  composition,  a  difference  more  one  of  proportion  than  of  kind  of 
minerals,  described  in  detail  on  pages  61-63.  In  thin  sections  the  mineral? 
are  feldspar  (orthoclase  and  variant  mierocline,  and  plagioclase  (oligo- 
clase) ),  quartz,  biotite,  and  occasionally  hornblende.    Colorless  mica,  kaolin, 
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epidote,  chlorite,  leucoxene,  and  sometimes  a  little  zoisite  are  the  secondary 
minerals  derived  chiefly  from  the  alteration  of  the  primary  minerals 
feldspar  and  biotite.  Accessory  ma^etite,  zircon,  apatite,  and  mtile  as 
incloaionB  occnr.  Granulation  and  wavy  extinction  are  pronounced  in  the 
qnartz  and  to  a  less  extent  the  feldspar.  (See  PI.  VI,  fig.  3.)  A  chemical 
analysis  of  a  representative  specimen  of  the  rock  collected  along  the  county 
road,  three-qnarters  of  a  mile  north  of  Lovingston,  is  given  in  column  II 
on  page  63. 

Amphibolite. 

Dikelilce  bodies  of  homblendic  rocks  (amphibolite)  occur  in  the 
Lovingston  district  but  only  two  exposures  were  found  that  were  fresh 
enough  to  indicate  the  true  character  of  the  rock.  One  of  these  is  exposed 
in  the  county  road  about  a  mile  northwest  of  Lovingston  where  a  dike 
approximately  6  feet  wide  cuts  the  biotite-quartz  monzonite-gneiss.  The 
rock  (Spec.  185)  is  fine-grained  in  texture  and  composed  principally  of 
hornblende  with  some  feldspar  and  a  little  magnetite  or  ilmenite.  A  few 
scattered  phenocrysts  of  feldspar  about  0.5  cm.  in  diameter  are  present.  A 
thin  section  of  the  rock  shows  the  principal  mineral  to  be  bine-green  and 
brown  hornblende  in  irregular  fibrous  to  columnar  masses  partly  inter- 
grown  with  shreds  of  brown  biotite.  A  little  plagioclase  feldspar  and 
magnetite  or  ilmenite  partly  altered  to  leucoxcne  also  occur.  Most  if  not 
all  the  hornblende  is  secondary  derived  possibly  from  pyroxene. 

About  a  mile  southwest  of  Lovingston  a  second  dike  of  a  similar  rock, 
about  50  yards  wide  and  having  a  northeast-southwest  direction  of  strike, 
is  crossed  by  the  county  road.  Most  of  the  rock  exposed  is  greatly  altered 
from  weathering,  but  several  fairly  fresh  pieces  were  obtained  which  indicate 
a  fine-  to  medium-grained  texture.  The  minerals  visible  in  the  hand  speci- 
mens are  chiefly  hornblende,  some  feldspar  and  ilmenite  or  magnetite, 
and  occasional  graphite  in  tiny  flakes,  A  microscopic  study  of  thin  sections 
of  the  rock  (Specs.  173  and  173)  shows  similar  composition  to  the  rock 
described  above  (Spec.  185).  Fibrous  blue-green  and  platy  brown  horn- 
blende is  the  principal  mineral.  Some  unstriated  feldspar  probably 
andesine,  shreds  of  brown  biotite,  and  occasional  apatite  occur.  Epidote, 
zoisite,  leucoxene,  and  iron  oxide  occur  as  secondary  minerals. 

A  similar  rock  is  observed  outcropping  on  the  side  of  the  ridge  half 
a  mile  east  of  Lovingston.  The  secondary  cliaracter  of  most  if  not  all  of 
the  hornblende  in  these  rocks  is  clearly  indicative  of  their  derivation  from 
another  rock  type  of  probable  gabbroic  composition,  although  no  trace  of 
pyroxene  was  distinguishable  in  the  thin  sections. 
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F^matite  and  Granite  Dikes. 

In  the  vicinity  of  Lovingeton,  the  biotite-quartz  moozonite-gneias  is 
,cut  by  numerous  pegmatite  and  granite  dikes  of  similar  bat  more  acid 
composition  than  the  inclosing  gneiss,  ranging  from  fine-  to  coarse-grained 
in  texture,  and  from  a  few  inches  up  to  10  or  12  feet  in  width.  The  dikes 
seldom  occur  singly  but  usually  in  groups  of  two  or  three  that  are  parallel 
in  strike  to  the  structure  of  the  gneiss.  The  granite  is  more  resistant  to 
weathering  than  the  gneiss  and  therefore  the  dikes  usually  stand  out  in 
relief,  sometimes  for  as  much  as  two  inches.  Sketch,  fig.  17,  shows  the 
appearance  of  some  of  the  dikes  exposed  on  the  mountain  slope  about 
three-quarters  of  a  mile  northeast  of  Lovingston. 


Fig.  IT. — Sketch   of   granite  dikn   in   biotit«-quitrtz   manzonite-gneisB   on   mountain 
slope   0.75    mile  north  of   Lovingston,   Nelson   County,      ig)  Graoita    dikes, 

(m)   biotite-quartz   luonzonite-gneies. 

Pegmatite  diJces. — The  following  description  of  a  single  pegmatite 
occurrence  may  be  taken  as  representative  of  this  class  of  materials  in 
the  district:  A  pegmatite  dike  about  6  feet  wide  is  exposed  on  the  south 
side  of  the  county  road  1.5  miles  southwest  of  Lovingston.  The  rock  is 
coarse-grained  in  texture  composed  for  the  moat  part  of  feldspar  and  quartz 
with  only  a  very  small  amount  of  biotite.  The  quartz  is  partly  dark  blue 
to  gray  in  color  and  partly  white  to  transparent.  A  thin  section  of  the 
Tock  (Spec.  161)  shows  the  principal  minerals  to  be  feldspar  (orthoclase 
partly  perthitic,  some  microcline  but  no  separate  individuals  of  striated 
plagioclase)  and  quartz.  Both  the  feldspar  and  quartz  contain  inclusioDS 
of  both  euhedral  and  anhedral  forms.  The  inclusions  in  the  quartz  include 
rutiie  needles  and  apatite,  some  of  the  former  being  curved,  bent,  and 
broken.  The  usual  microscopic  evidence  of  dynamo-metamorpbism  is  mani- 
fested in  the  thin  section. 
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Qranite  dikes. — The  rock  of  these  dikes  is  light  gray  io  color,  medium- 
to  fine-grained  in  texture,  and  compoeed  chiefly  of  feldspar  and  quartz  with 
bat  little  mica.  The  quartz  exhibits  a  variety  of  color  ranging  from  bluish 
to  gray  and  dark  smoky.  The  dikes  range  up  to  13  feet  in  width  and  in 
some  cases  are  intruded  into  the  gneiss  parallel  to  the  structure  (achia- 
tosity).  Thin  sections  (Specs.  179,  181,  183,  and  194)  show  the  principal 
minerals  to  be  orthoclase  partly  perthitic,  some  microcline,  and  variant 
plagioclase,  which  in  some  sections  may  equal  in  amount  the  potash 
feldspara,  quartz,  and  biotitc.  Minor  accessory  minerals  include  rutile 
needles  as  inclusions  in  the  quartz,  apatite,  and  magnetite  or  ilmenite. 
The  secondary  minerals  are  colorless  mica  (muscovite),  epidote,  zoisite, 
kaolin,  chlorite,  and  iron  oxide  stain.  Dynamic  metamorpbiam  is  usually 
manifested  in  granulation  and  wavy  extinction  of  the  quartz  and  to  a  less 
extent  in  bent  and  broken  plagioclase  lamellsa. 

Nelionite. 

Magnetite,  biotite,  and  hornblende  nelsonites  occur  in  the  Lovingston 
district  but  no  dikes  of  normal  ilmenite  or  rutile  nelsonite  have  been 
found.  The  magnetite  and  biotite  nelsonites  are  found  on  the  north,  west, 
and  southwest  sides  of  Lovingston,  respectively,  within  a  radius  of  2  miles. 
These  are  described  in  detail,  including  a  chemical  analysis  of  the  occur- 
rence on  the  Dillard  farm  2  miles  southwest  of  Lovingston,  on  pages  123- 
133.  Hornblende  nelsonites  have  been  noted  on  the  north,  west,  and  south- 
west sides  of  Lovingston,  respectively,,  and  are  described  including  a 
chemical  analysis  on  pages  133-138. 
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GENERAL  PETROLOGY  OF  THE  AMHERST-NELSON 
COUNTIES  REGION. 

DTTBODirCTION. 

The  igneous  rock  types  forming  the  complex  in  Amherst  and  Nelson 
countieB  show  certain  Gestures  known  as  clan  characters,  which  groap  ihan 
into  a  definite  family  distinguished  from  rock  groups  elsewhere.  The 
area  is  a  distinct  comagmatic  region  or  petrographic  province.  In  the 
Virginia  region  the  clan  characters  are  in  part  mineralogical  and  in  part 
chemical.    Texture  is  a  less  important  feature. 

Mineralogically  the  rocks  are  characterized  by  the  prominence  of 
apatite  and  the  titanium  minerals — ilmenite,  mtile,  and  in  a  few  places 
titaniferous  magnetite;  by  a  peculiar  blue  opalescent  quartz;  by  pyroxene 
(chiefly  hyperstheae)  or  secondary  amphibole  (actinolite)  derived  from 
the  pyroxene  as  the  dominant  mafic  (ferromagnesian)  mineral,  and 
microscopically  by  the  chief  feldspar  being  plagioclase,  having  the  com- 
position of  andesine  containing  spindle-shaped  intergrowths  of  microcline. 
Biotite,  an  important  constituent  in  the  surrounding  quartz  monzonite- 
gneisa  is  only  sparingly  developed  in  the  ore-bearing  rocks.  It  is  only  of 
importance  in  biotite  nelsonite  which  occurs  in  the  quartz  monzonite-gneiss. 
In  general  the  dominant  minerals  in  one  type  make  up  the  minor  accessorj 
minerals  in  the  other.  Graphite,  while  not  uniformly  dJstribnted  in  the 
rocks  of  the  area,  occurs  in  practically  all  rock  types  and  in  places  is  an 
important  constituent. 

These  mineral  peculiarities  are  of  course  dependent  on  the  chemical 
composition  of  the  magmas  and  the  physical  conditions  under  which  they 
solidified. 

OEOLOQIC  OCCURRENCE. 

The  geologic  occurrence  of  the  rocks  has  been  described  separatelT 
under  each  type  in  a  previous  chapter.  It  is  only  necessary  here  to  briefly 
summarize  their  occurrence  for  the  region  as  a  whole. 

The  rocks  of  the  region  are  all  intrusive  and  holocrrstalline  in  teitare. 
Most  of  them  are  even-granular,  ranging  from  very  coarse-grained  in  the 
syenite  to  very  fine-grained  in  some  of  the  nelsonite  and  diabase  dikes. 
Porphyritic  texture  is  obaerved  in  some  of  the  nelsonite  and  gabbro-nel- 
sonite  dikes.  The  bulk  of  the  rocks,  including  quartz  monzonite-gDeise. 
syenite  (feldspathic  and  homblendic  border  faciea),  and  a  part  of  tbe 
gabbros  and  nelsonites  are  deep-seated  (plutonic)  maseee,  traversed  by  dikes 
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of  gabbro,  diabase,  and  nelsonite.  These  are  genetically  related,  and  with 
the  eiception  of  diabase  nearly  all  gradations  in  composition  are  indicated 
between  the  extremes  of  the  different  types. 

The  dikes  are  most  abundant  within  the  rutile-bearing  syenite,  but 
they  are  by  no  means  confined  to  it  and  in  places  are  observed  beyond  the 
limits  of  this  formation  in  the  outside  gneiss.  They  vary  greatly  in  width, 
and  in  many  places  show  almost  as  great  variation  in  strike,  although 
most  of  them  conform  to  a  general  northeast-southwest  direction. 

The  indications  from  field  study  are  that  the  syenite  and  deep-seated 
gabbro  usually  grade  into  each  other,  sharp  contacts  Iwing  but  seldom 
observed.  Likewise  between  the  gabbro  and  nelsonite  occur  nearly  all 
gradations  in  mineral  composition,  from  typical  hypersthene  gabbro 
(norite)  containing  subordinate  apatite  and  ilmenite  to  typical  nelsonite 
containing  little  or  none  of  the  silicate  minerals. 

The  rocks  exhibit  pronounced  though  unequal  eli'ects  of  dynamic  meta- 
moTphism,  both  in  hand  specimens  and  in  thin  sections  under  the  micro- 
scope. The  most  pronounced  effect  of  metamorphism  visible  in  hand 
specimens  of  most  of  the  rocks  is  the  development  of  complete  or  partial 
banded  or  gneissie  structure.  Microscopically  metamorphism  is  mani- 
fested chiefly  in  mashing — granalation,  fractures,  and  optical  disturbance 
of  certain  essential  minerals — in  recrystallization,  and  in  the  complete  or 
partial  change  of  pyrosene  (hypersthene)  to  secondary  hornblende 
(actinolite) . 

Other  changes  of  a  different  order  and  kind  involve  the  production  of 
secondary  minerals  from  the  essential  ones,  chief  among  which  are  the 
formation  of  leucoxene  from  the  titanium  minerals  rutile  and  ihnenite, 
and  serieite,  epidote,  and  zoisite  from  feldspar.  In  some  of  the  rocks 
biotite,  chlorite,  and  osteolite  are  noted  as  alteration  products. 

CHEMICAL  CHABACTERS. 

For  the  purpose  of  study  of  the  chemical  characters  of  the  Amherst- 
Xelson  counties  region,  28  analyses  which  have  been  presented  in  the 
preceding  pages  are  assembled  in  the  annexed  tables.  They  are  complete 
and  accurate  analyses  made  by  the  State  Survey  chemist  according  to  the 
latest  approved  methods  of  the  TT.  S.  Geological  Survey.  They  include 
every  type  occurring  in  the  region,  and  each  type  is  represented  by  several 
analyses  made  on  representative  specimens  collected  from  occurrences  at 
different  localities  in  the  region. 
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The  analyses  of  the  silicate  rocks  are  arranged  in  the  order  of  decreu- 
ing  silica;  those  of  the  ore  rocks  (nelsonites)  are  arranged  in  the  order  of 
decreasing  titania. 


of  analyses  of  silicate  rocks  from  Nelson  County,  Virginia. 
(Wm.  M.  Thobnton,  Jh.,  Analyst.) 


I    1    n 

m 

IV 

V 

VI 

vn    vm 

sio.              

66.46  1  63.61 
14.94  1  15.70 
1.87  1    1.98 
3.08  '    3.81 
1.11      3.58 
3.10       4.50 

63.40 
15.94 
2.01 
3.91 
1.33 
3.76 

61.51 
23.17 
0.37 
0.26 

5.% 

60  03  1  59.a2 

59.84     57.74 

21.38 
0.50 
0.25 
0.19 
4.59 

24.23 
0.29 
0.24 
0.23 
6.47 

0.55      1.42 

MeO          

0.76      3.52 

cio. :::::::::::: 

4.48      6.42 

Na,0  . 
K.O  ... 
H,0-. 
H.0+ 
TiO.  .. 
P.O.  .. 
MnO  .. 
CO,  ... 


1    2.63 

3  47 

3  53 

4.64 

R,«0 

sra 

5  23 

3  74 

2.12 

3.30 

3.94 

2.81 

2.93 

2.57 

1.72 

i    0.06 

0.14 

0.06 

0.08 

0.16 

0.08 

OIK 

!    0.80 

0.97 

0.76 

0.03 

0.66 

0.28 

0.75 

l.U 

1    0.83 

0.40 

1  ;« 

Offl 

an 

3  75 

I,'M 

0.29 

0.55 

0.10 

0.39 

0.09 

0.35 

0.28 

1    0.05 

0.05 

0.07 

Trace 

0.01 

Trace 

0.02 

(KB 

1  Trace 

Trace 

Trace 

Trace 

Trace 

Trace 

Trace 

Traee 

Trace 

Trace 

Trace 

Trace 

None 

Trace 

None 

0.20 

W.94  !100.90  1100.43  100.01  I 


Table  of  analyses  of  silicate  rods  from  Nelson  Counly,  Virffin 
(Continued). 


IX 


XI    I   xn  I  xm  .  XIV 


SiO,    56.611  54.80  I  52.83  1    52.34 

A1,0.    I  14.89  14.28  I  13.79  1    12.46 

FcO,    I  1.04  ]  3.08        4.42  3.37 

FeO  4.32  '  7.55        7.86  10.08 

MgO    '  4.05  ,  2.52        5.61  i  3.97 

CaO  i  4.94  6.57        8.99  7.88 

Na,0    3,19  2.61        2.42  2.26 

K,0 1.51  ,  2.00  ;      1.46  I  1.66 

H,0— i  0.08  I  0.16        0.71  .  0.14 

H,0+    1.58  1.23  !      1.30  ■  1.46 

TiO,    I  7.26  I  4.15  i      1.18  2.96 

P.O.  I  0.26  0.70  I      0.31  I  1.19 

MnO    I  0.01  I  0.02  I     n.  d.  0.11 

CO,   I  0.22  ■  Trace  I  Trace  ,  Trace 

S  0.03  I  0.02  Trace  !      0.18 

Total i  99.99  1  99.69.100.88  1100.06 
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Table  of  analyses 

of  silicate  rods  from 
(Contimied). 

Neleon  County,  Virginia 

XV 

XVI 

xvn 

xvnij  XIX 

XX 

49.65 
13.93 
4.11 
9.78 
4.89 
9.05 
2.86 
1.71 
0.09 
1.49 
3.03 
■  0.32 
0.14 
Trace 
0.20 

46.99 

13.93 
2.45 

10.94 
6.29 

10.02 
2.59 
0.80 
0.09 
1.47 
3.33 
0.33 
0.11 
Trace 
Traca 

33.89  1    33.83 
0.94        5.19 

Alio, '.".". 

IW  \ 

MgO   

cao 

5.42 

1      4.68 

3.66 

22.73 
6.85 
9.68 
0.37 
0.34 
0.32 
1.66 

12.97 

3.29 

0.31 

Trace 

15.08 
8.57 
8.22 
1.28 
0.50 
0.45 
0.75 

10.00 

4.84 

0.26 

Trace 

16.98 
5.93 
10.27 

H,0-    

H,0+ 

[      2.24 

1      0.05 

0.39 
0.71 

2.47 

P.O, 

7.34 

MdO   

CO, 

1      0.05 

0.23 

CI    

F    

0.01  :     0.04 
0.02  1     0.55 

0.02 
0.31 

TotaJ    

99.76 

101.20 

101.34 

100.23  1  101.09 

99.89 

Quartz-biotite  raonzonite-gneisx,   county   road,   0.7G   mile  north   of  LoTing- 

Honiblendic  fades  of  syenite,  100-foot  lerel.  General  Electric  Co.'i  mine,  l.S 

mileB  northwest  of  Eoae's  Mill. 
Quartz-biotite  monzonite-gneiis,  Arrington-Roseland  road,  1  mile  north  of 
Colleen. 
Idspathic  { 

mine,  1.6 

V.     Feldepathio  faciei  of  syenite,  American  Rutile  Co.'s  quarries,  Roseland. 
VT.     FeldBpathio  (pinkish)  lacies  of  syenite,  100-foot  level,  General  Electric  Co.'s 

mine,  1.6  miles  northwest  of  Rose's  Hill. 
VII.     Average  hulk  sample  of  syenite,  including  hombleude  and  feldspar  facies, 
American  Rutile  Co.'s  quarries,  Roseland. 
VIII.     Oabbro-gneisB   along  east  side  of  I^e  River,  430  feet  south  of   American 
Butile  Co.'s  south  quarry. 
IX.     Homblendic  facies  of  syenite,  American  Rutile  Co. 'a  quarries,  Roseland. 
X.     Gabbro-gneiss  along  east  side  of  Tye  River,  S26  feet  south  of  American 

Rutile  Co.'b  south  quarry. 
XI.    Diabase  dike,  east  aide  of  county  road,  100  yards  north  of  Piney  River  at 

Rose's  Mill. 
XII.    IMabaoB  (basalt)  dike,  east  aide  o(  Tye  River,  425  feet  south  of  American 

Rutile  Co.'s  south  quarry. 
Xin.     Oabbro  dike,  Roseland-Arrington  road,  near  Mr.  Adams'  house,  100  yards 

south  of  Roseland  post-office. 
XIV.    Gabbni  dike,  100-foot  level,  EC  feet  from  shaft,  General  Electric  Co.'s  mine, 
l.S  mites  northwest  of  Roes's  Mill. 
XV.     Homblendic  facies  of  syenite,  American  Rutile  Co.'s  quarries,  Roseland. 
XVI.     Diabase   (basalt)    dike,   Hoseland-Airington  road,  near  Mr.   Adams'  house, 
100  yards  south  of  Roseland  post-ofHce. 
XVII.     Diabase  (basalt)   dike,  south  side  of  Piney  River,  opposite  General  Electric 

Co.'s  mine,  1.6  miles  northwest  of  Rose's  Mill. 
XVm.    Hornblende  nelsonite,  3  miles  north  of  Lovingston. 
XIX.    Oabbro-nelsonite  dike,  west  of  Roseland-Arrington  road,  1  mile  south  of 

Roseland  post-office. 
XX.    Hornblende  (biotite-chlorite)  nelsonite,  1  mils  west  of  Rose's  Mill. 
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Table  of  analyses  of  Helsoniie  from  Nelson  County,  Virginia. 
(Wm.  M.  TnoBNToN,  Jb.,  Analytt.) 


1      I 

n 

ni 

rv 

V 

VI 

VU 

vin 

TiO,   

;  69.67 

65.90 

42.84 

41.46 

37.66 

37.00 

16.48 

15.78 

FeO  

V7H3 

■K^  57 

%  5V 

18.61 

20.20 

MeO  

0.15 

0.25 

0.72 

11.5(1 

0.50 

1.11 

0.66 

0.64 

CaO  

12.16 

11.13 

8.34 

9.03 

16.05 

16.33 

5.48 

12.73 

H.O—   

0.09 

0.21 

0.15 

0.53 

0.03 

0.09 

0.51 

0.2fl 

f'.. 

0.70 

0.34 

0.21 

0.17 

1.03 

0.98 

0.26 

0.23 

CI   

Trace 

None 

0.01 

Trace 

Trace 

Trace 

Trace 

Trace 

0.67 

0.95 

0.70 

1.65 

0.57 

4.24 

1.24 

MnO    

n% 

0.18 

0.26 

0.38 

0.12 

0.23 

A),0,    

3.45 

D.d. 

Na.O    

0.15 

O.IO 

K.O  

0.45 

0.34 

Trace 

Trace 

Trace 

Trace 

Trace 

Trace 

!    6.34 

1.61 

1.17 

1.45 

Trace 

Total    

|100.82 

100.19 

99.58 

101.15 

100.06 

101.62 

100.24 

99.42 

I.     Butile  nelaonite  from  oTe-dump,  General  Electric  Co.'e  mine,  l.S  miles  north- 
west of  Bose's  Mill. 
II.     Rutile  nelsanite  dike,  Giles  tract  neAr  Roseland. 

III,  Ilinenit«  nelsonite  dilce,  Shelton  farm,  1  mile  northwest  of  BoiielBnd. 

IV.  Ilmenite  nelsonite  dike,  Hight  place,  1.76  miles  west  of  north  from  Roselani 
V.     Ilmenite    nelsonite   from    ore-dump.   General   Electric   Co.'s   mine.    1.5  milei 

northwest  of  Boae'a  Mill.     Specimen  probably  taken  from  No.  1  ore-body 

in  the  adit  level. 

VI.     Ilmenite   nelsonite   from   ore-dump.   General   Electric   Oo.'s   mine,    l.S   miles 

northwest  of  Rose's  Mill. 

VII.     Magnetite-biotite  nelsonite  dike,  Stevens  farm,  0.6  mile  west  of  Lovingston. 

VIII.     Magnetite-biotite  nelaonite  dike,  Dillard  farm,  2  miles  southwest  of  Loving- 

The  important  features  to  be  noted  in  these  analyses  can  beat  be  dis- 
cussed by  averaging  and  tabulating  under  a  single  analysis  the  several 
analyses  of  each  type,  of  all  types  represented  ae  given  in  the  annexed 
table  below.  The  nelsonites,  FepreBenl«d  by  8  analyses,  are  given  in  i 
separate  table,  and  their  chemical  composition,  comparing  graphically  the 
molecular  proportions  of  the  rocks  by  means  of  a  diagram,  is  fnlly  dis- 
cussed on  pages  145-148. 

A  study  of  the  individual  analyses  of  the  above  tables  reveals,  w 
would  be  expected,  some  variation  in  the  constituents  of  the  same  type, 
but  when  considered  broadly  the  analyses  show  that  with  decreasing  silica 
and  alumina  there  is  increase  of  iron,  lime,  magnesia,  titania,  and  phos- 
phoric acid. 
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/  averages  of  analyfes  of  silicate  roots 
(Wic,  M.  Thobnto!*,  Jr., 


from  Nelson  County,  Virginia. 
Analyat.} 


1.082 

Pe,0,    

.151 
1.94 

F*              

.ni2 

3  50 

.049 
1  22 

.030 

.061 

.050 

.043 

TiO.  

.044 

1.08 

P.O. 

.014 
0.42 

.003 

MdO 

.001 
Trace 
Trace 

S 

F 

Total  

99.96 

0.21 

.005 
5.59  . 

.100 
4.49 


0.08  ■ 

.006 
0.32 

.017 
111 

.014 
0.J5  I 

.001 
Trace 


14.54 
.142 

1.49  I 
.009' 

4.52 
.063 

4.10  , 


9.67 
.133 
5.19 


0.24  I 

.oor 

0.04  I 


.050i 
1.80 

.019 
0.11  1 

.006' 
1.02  I 

.056 
3.62 

.04.T 
0.75  ! 

-OOG, 
0.06  ' 

.001 


96     100.31  ,  100.05  ,  100.3 


1.41 

0.50 

0.37 

.015 

.005 

.004 

0.26 

0.45  1 

0.52 

.017 

.028 

1.43  ■ 

0.7r> 

2.07 

.078 

.044: 

.117 

2.63  ' 

10.00  ■ 

16.85 

.033 

.124i 

.210 

0.54 

4.84  1 

5.32 

.004 

.034, 

.037 

0.09  ■ 

0.26  ' 

0.27 

.001 

.004 

.004 

Trace 

Trace 

Trace 

Trace 

0.04  1 

0.02 

0.55 

0.17 

.032 

.011 

100.09 

101.09 

100.17 

1.  Average  of  two  analv9«a  of  quartz  monzonite-jni^i^!*. 

n.  Average  of  four  analyseB  of  feldapathic  tacies  of  syenit*. 

III.  Average  of  three  analyses  of  homblendic  border  facies  of  syenite. 

IV.  Average  of  four  analyspg  of  gabbro. 
y.  Average  of  four  analyses  of  diabase. 

VI.  One  analyBiE  of  gabbro- nelson ite. 

VII.  Average  of  two  analysei  of  hornblende  nelsonite. 

In  the  annexed  table  are  assembled  the  averages  of  analyses  of  all 
types  of  silicate  rocks  found  in  the  district,  a  total  of  seven  types.  VI  and 
VII,  containing  very  low  silica,  are  regarded  as  transitional  types  between 
the  silicate  rocks  and  ore  rocks  (aelsonites),  since  they  are  composed  of 
both  silicate  and  ore  minerals  in  large  amounts  but  in  unequal  proportions. 
A  study  of  the  analyses  shows  that  the  rocks  are  low  in  silica,  which  ranges 
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from  65  to  27  per  cent — 66  to  51  per  cent  in  the  silicate  rocka  propet 
(I  to  V  incluBive)  with  an  average  of  about  57  per  cent.  Almniiu  Ib 
extremely  low  in  VI  and  VII,  but  for  the  Bilicate  rocks  proper  (I  to  V) 
it  is  quite  uniform  except  in  II,  where  it  is  appreciably  higher  sb  the 
rock  is  composed  chiefly  of  feldspar — the  feldspathic  facies  of  the  syenite. 

The  iron,  magnesia,  and  lime  increase  with  diminishing  silica  and 
alumina.  Except  in  II,  FeO  is  in  considerable  excess  over  Fe,0,  and  both 
increase  with  diminishing  silica  but  not  in  the  same  ratio.  The  ratioe 
of  the  alkalies  (soda  and  potash)  are  variable,  but  in  each  type  soda 
molecularly  exceeds  potash.  This  predominance  of  soda  together  with  high 
lime  marks  the  dominant  feldspar  in  the  rocks  as  a  soda-lime  plagioclase. 

Attention  is  especially  directed  in  the  table  of  analyses  to  the  per- 
centages of  TiOj  and  P,0,  which  are  above  the  average  for  the  types  of 
rocks  represented,  and  in  some  types  their  combinations  make  np  the 
important  minerals  that  enter  into  the  composition  of  the  rocks.  They 
increase  though  unequally  from  the  more  acid  to  the  more  basic  types, 
reaching  a  maximum  in  the  extreme  basic  ones  (nelsonites,  analyses  and 
their  discussion,  pages  145-148)  in  which  their  combinations  as  apatiti, 
rutile,  and  ilmenite  form  the  essential  minerals.  These  two  constituent? 
(TiOj  and  PaOj)  form  one  of  the  distinctive  features  of  the  rock  types  of 
the  region,  and  they  emphasize  the  kinship  of  the  types,  which  must  have 
sprung  from  a  conmion  parent  magma. 


.447  Mofecules  or  510*  LoeiSiCli 

Kig.  IH. — Diagram  showing  variation  ia  the  molecular  coastitueots  of  the  itvui 
types  of  silicate  rocks  in  the  Amherst -Nelson  counties  area.  BaMd  on  Uh)e 
of  iiverages  of  analj-ies.  (Order  of  diagram  reversed  from  that  id  the  t*ble  of 
analyses,  page  207.) 
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The  above  relationships  developed  from  chemical  composition  of  the 
rocks  are  best  shown  in  the  diagram,  fig.  18,  which  compares  graphically 
the  molecular  proportions  of  the  oxides  and  is  constructed  from  the  analyses 
in  table  on  page  207,  by  plotting  the  molecular  proportiwia  of  the  oxides  as 
ordinates,  and  those  of  silica  as  abscissas.  Study  of  the  diagram,  fig.  18, 
discloses  certain  irregularities  in  the  molecular  proportions  of  the  oxides, 
which  correspond  to  variations  in  the  proportions  of  the  essential  minerals. 

The  ferrous  £nd  ferric  o-^idea  show  somewhat  general  correspondence 
with  each  other,  being  represented  by  the  same  line  in  I  and  II,  the  extreme 
acid  end  of  the  series.  They  increase  from  the  acid  to  the  basic  end  of 
the  series,  which  corresponds  to  variations  in  the  proportions  of  salic 
and  femic  minerals,  the  principal  iron-bearing  femic  minerals  being 
pyroxene  and  its  alteration  product  hornblende,  and  ilmenite.  With  in- 
crease of  ilmenite,  which  is  greatest  in  VI  and  VII,  the  lines  representing 
the  iron  oxides  become  wider  spaced  with  slight  irregularities  indicated, 
and  ferrous  oxide  becomes  the  dominant  constituent,  attaining  its  maximum 
value  in  VII,  the  lowest  silica-bearing  rock  of  the  series. 

On  the  whole  magnesia  varies  in  the  same  direction  with  the  iron 
oxides,  but  is  erratic  at  times  with  respect  to  ferrous  oside.  The  corre- 
spondence might  possibly  be  closer  were  all  the  iron  reduced  to  the  ferrous 
state,  but  this  has  not  been  attempted. 

Discordance  between  magnesia  and  alumina  is  strongly  marked  and 
except  for  the  basic  end  of  the  series  they  vary  in  opposite  directions. 
Lime  and  alumina  vary  in  the  same  direction  on  the  acid  end  of  the  series, 
but  are  antagonistic  on  the  basic  end  in  which  rocks  feldspar  almost 
entirely  fails  and  apatite  becomes  an  important  constituent.  The  alkalies, 
soda  and  potash,  vary  in  general  with  the  alumina  with  which  there  is  a 
fairly  close  correspondence.  They  increase  from  the  basic  to  the  acid  end 
of  the  series,  but  there  is  a  more  marked  accordance  between  soda  and 
alumina  than  between  potash  and  alumina.  The  soda  molecules  are 
greater  than  those  of  potash,  being  more  than  twice  as  large  in  some  cases. 

Titania  and  phosphoric  acid,  especially  the  former,  are  erratic  for  the 
acid  end  of  the  series  and  increase  in  amount,  though  unequally  toward 
the  basic  end,  both  attaining  their  maximum  in  VII,  in  which  rock 
ilmenite  and  apatite  are  important  constituents. 

The  irregularities  to  which  attention  has  been  directed  are  due  to 
variations  in  the  molecular  proportions  of  the  essential  minerala  present 
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Id  the  rocks.  At  the  acid  end  of  the  series  the  salic  minerals  (feldspars 
chiefly  with  some  quartz)  predominate;  in  the  middle  of  the  series,  IV 
and  V,  femic  minerals  become  more  prominent ;  and  at  the  basic  end  salic 
minerals  practically  fail  and  the  rocks  are  composed  almost  entirely  of 
femic  minerals,  both  ore  minerals  and  ferromagnesian  silicates  being  tlie 
essential  ones. 

NORHS  OF  AKHEBST-NELSON  COTTHnES  BOCKSt 

In  the  subjoined  tables  are  given  the  norms  of  the  different  rocks 
calculated  from  the  analyses  in  the  preceding  tables,  and  arranged  in  the 
same  order.  Their  study  vill  make  clearer  the  chemica!  relations  of  the 
rocks,  especially  their  relations  to  the  quantitative  system.  Some  of  them 
represent  new  rock  types,  described  and  published  for  the  first  time.  The 
positions  of  the  new  types  in  the  quantitative  system  have  been  calculated 
and  appropriate  names  have  been  suggested  for  them  in  the  preceding 
pages. 

Norms  of  ailicate  rocks  of  Amkerat-Nelson  counties. 
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It  will  be  observed  that  normative  quartz,  varying  within  wide  limits, 
is  noted  in  all  the  rocks  except  one  (XIII,  andoee-camptonose)  where  it 
faiU  entirely.  Feldspars  compose  a  large  percentage  of  all  the  norms, 
except  XVIII  and  XX,  and  in  most  of  them  they  amount  to  more  than 
50  per  cent.  Orthoclase  and  albite,  and  anorthite  except  in  XVIII  and 
XX,  are  always  present,  and  with  the  exception  of  XVIII  and  XX  albite 
and  anorthite  combined  are  greatly  in  excess  of  ortboclase,  indicatiiig 
plagioclaae  of  soda-lime  variety  to  be  the  dominant  feldspar.  The  com- 
position of  the  soda-lime  feldspar  ranges  from  labradorite  to  atbite-oligo- 
clase,  with  the  dominant  species  in  most  of  the  rock  typps  andesine  n*ually 
intergrown  with  spindles  of  orthoclaae  (microcline).  It  is  worthy  of  note 
that  the  salic  minerals  are  dominant  at  the  acid  end  of  the  series,  with 
approximately  equal  amounts  of  salic  and  femic  minerals  in  the  middle 
members,  while  at  the  extreme  basic  end  femic  minerals  greatly  predominate. 

The  important  femic  minerals  are  of  two  kinds,  (1)  ferromagnesian 
silicates,  hypersthene  or  diopaide  or  both,  and  (2)  ore  minerals  magnetite, 
ilmenite,  mtile,  and  apatite  with  lesser  amounts  of  hematite  and  pyrite,  and 
in  three  norms,  titanite.  Hypersthene  is  always  present  though  in  variable 
quantity  ranging  from  nearly  8  per  cent  to  27.50  per  cent,  while  normative 
diopside  occurs  in  8  of  the  20  norms  in  usually  large  amotmt.  Of  the  ore 
minerals,  ilmenite  and  apatite  are  always  present,  being  largest  in  the  more 
femic  magmas,  while  magnetite  varying  within  wide  limits  is  only  absent 
from  three  of  the  norms.  Hematite,  rutile,  titanite,  and  apatite  are 
present  in  several  of  the  norme,  the  first  three  varying  rather  widely, 
while  the  last  (pyrite)  is  in  small  amount  and  ia  quit«  uniform. 
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KINEBALOOtCAL   CHABACTEBS.  'US 

The  first  most  striking  fact  to  be  noted  in  the  annesed  table  of  norms 
of  the  nelaonites  is,  with  but  few  e-iceptions,  the  absence  of  salic  minerals, 
and  also  of  the  practical  absence  of  the  ferromagnesian  minerala  among 
the  femic  group.  Among  the  salic  minerals  normative  quartz  is  present 
in  only  three  of  the  eight  norms  and  in  each  in  very  small  amoont.  Of  the 
feldspars,  orthoclage  and  albite,  the  former  slightly  in  excess  of  the  latter, 
and  the  two  combined  totaling  less  than  5  per  cent,  occur  is  only  one 
norm  (VII).  The  lenads,  leucite  and  nephelite,  are  shown  in  small 
amounts  only  in  the  norm  of  rock  VIII. 

Of  the  ferromagnesian  minerals  in  the  femic  group,  hypersthene  is 
present  in  the  norms  of  rocks  I,  III,  and  VTI ;  diopside  in  the  norm  of 
rock  II ;  and  olivine  in  the  norms  of  rocks  VI  and  VIII.  These  are  present 
in  small  amounts,  neither  esceeding  in  any  case  1.79  per  cent. 

The  norms  of  these  rocks  are  composed  essentially  of  the  ore  minerals 
in  the  femic  group.  Ilmenite,  apatite,  and  hematite,  varying  within  wide 
limits,  are  always  present ;  ilmenite  reaches  a  maximum  of  more  than  60 
per  cent,  apatite  more  than  30  per  cent,  and  hematite  more  than  35  per 
cent.  Rutile,  the  nest  most  constant  constituent,  fails  in  the  norms  of 
only  two  rocks,  VII  and  VIII,  and  ranges  from  nearly  6  per  cent  to  more 
than  64.50  per  cent-  Normative  magnetite  occurs  only  in  rocks  VII  and 
VIII,  but  in  large  amount  in  each,  while  pyrite  ranging  from  less  than 
1  to  3  per  cent  is  present  in  four  of  the  eight  norms  (I,  II,  V,  and  VI). 

MINEBALOGICAL  CHABACTEBS. 

IHTBODUCTIOn. 

The  mineralogical  composition  of  igneous  rocks  ia  dependent  chiefly 
upon  chemical  composition  of  the  magmas  and  the  physical  conditions 
under  which  they  solidified.  The  chemical  composition  of  the  rocks  form- 
ing the  Amherst-Nelson  counties  region  has  been  discussed  on  pages  30.'i-';i:(, 
and  the  chemical  relationships  of  the  different  types  pointed  out.  In 
addition  to  the  chemical  characters,  there  are  usually  present  certain  min- 
erals which  show  more  or  less  common  characters  that  are  mineralogically 
characteristic  of  comagmatic  regions. 

The  mineralogical  evidences  of  "consanguinity"  of  the  igneous  rocks 
composing  the  Amherst- Nelson  counties  region  are  the  presence  of  a 
peculiar  sky-bine  opalescent  quartz,  the  prominence  of  apatite  and  the 
titanium  minerals  rutile,  ilmenite,  and  in  a  few  places  titaniferous 
magnetite,  and  of  pyroxene  (chiefly  hypersthene)  or  its  alteration  product 
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amphibole  (actinolite).  Further  kinship  of  the  rocks  of  this  r^on  is 
indicated  microecopically  by  the  character  of  the  dominant  feldspar  being 
a  calcic-Boda  plagioclase  (andesine)  with  spindle-shaped  intergrowths  of 
microcline  (orthoclase)  (PI.  VIII).  Graphite  occurs  in  moat  of  the  rock 
types  of  the  region  and  in  places  is  an  important  constituent. 

The  absence  of  primary  hornblende  as  a  true  rock  constituent  is  a 
distinctive  character  in  the  mineral  composition  of  the  rocks  of  the  region. 
That  primary  hornblende  did  not  develop  as  a  mineral  constituent  of 
tliese  rocks  can  not  be  ascribed  to  chemical  composition  of  the  magmas, 
for  pyroxene  was  rather  abundantly  formed,  but  to  the  physical  conditions 
which  obtained  during  the  solidification  of  the  magmas. 

Qnarti. 

Quartz  is  developed  in  largest  amount  in  the  outside  quartz  monzonite- 
gneisa  and  the  hornblende  facies  of  the  syenite.  It  is  a  prominent  con- 
stituent in  places,  and  is  always  present  but  usually  in  very  subordinate 
amount,  frequently  only  in  microscopic  proportion,  in  the  feldspathic 
facies  of  the  syenite.  It  occurs  sparingly  in  the  other  rock  types,  especially 
gabbro  and  some  nelsonites.  In  the  nelsonites  it  is  limited  almost  exclusively 
when  present  to  border  positions,  especially  in  the  transitional  zones  of  the 
nelsonites  which  are  marked  by  gradations  into  the  inclosing  syenite. 

The  quartz  has  developed  uniformly  as  irregular  formless  grains,  with- 
out the  slightest  indication  of  crystal  outline,  and  ranges  from  tiny  specks 
of  almost  microscopic  dimensions  up  to  masses  many  inches  across.  It 
is  always  fresh  and  of  a  peculiar  but  beautiful  sky-blue  opalescent  color 
which  is  its  most  distinctive  feature.  Its  blue  color  is  apparent  even  in 
thin  microscopic  sections.  The  most  pronounced  microscopic  character  of 
the  mineral  is  the  abundant,  closely  crowded,  minute  hairlike  or  aciculsr, 
inclusions  of  rutile,  which  are  distributed  rather  unevenly  through  each 
grain.  The  rutile  inclusions  have  higher  refraction  than  the  host  (quartz). 
are  usually  dark  in  color,  and  double  refraction  is  not  recognizable.  They 
lie  at  all  angles  in  the  quartz  grains  but  sometimes  they  are  arranged  in 
sets  of  parallel  lines  which  intersect  at  all  angles.  These  relations  are  well 
indicated  in  PI.  I.\,  which  shows  two  micro  photographs  of  the  same 
quartz  individual  but  of  different  magnifications.  Other  inclusions  thin 
rutile  are  frequently  present  to  some  extent  in  the  quartz  but  they  are  of 
minor  importance  and  do  not  call  for  description. 

Microscopically  intergrowths  of  quartz  and  feldspar  as  micropraphic 
structure  are  rarely  or  never  dcvelo|ied.    Plate  XVII,  fig.  3.  shows  an  inter- 
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growth  of  (Quartz  and  ilmeDite  Bimilar  to  graphic  structure  in  some  granites. 
Plate  XXXVI,  fig.  2,  shows  an  intergrowth  of  quartz  and  rutile.  Dynamic 
pressure  metamorphic  effects  -are  often  exhibited  in  thin  sections  of  the 
quartz,  chiefly  in  granulation,  fractures,  and  undulous  extinction. 

In  1885,  Mr.  Bobert  Robertson"  examined  chemically  and  microecopic- 
ally  specimens  of  the  blue  opalescent  quartz  from  the  Nelson  County  area 
with  a  view  to  ascertaining  the  cause  of  the  blue  color.  He  fused  a  frag- 
ment of  the  mineral  before  the  hot-blast  blowpipe  flame  and  found  tliat 
it  retained  its  blue  color.  He  says:  "In  view  of  the  color  of  some  varieties 
of  titanic  oxide,  when  seen  by  reflected  light,  it  appears  possible  that  the 
partial  reflection  of  light  by  the  surfaces  of  these  microscopic  crystals  occa- 
sions the  color  in  question,  or  the  latter  may  be  in  a  measure  due  to 
interference  of  light  occasioned  by  these  crystals." 

Id  describing  a  similar  sky-blue  opalescent  quartz  developed  as  pheno- 
crysts  in  a  quartz-feldspar-porphyrj'  from  Texas,  Iddings  states  that  the 
color  of  the  quartz  "is  undoubtedly  due  to  reflections  of  blue  light-waves 
from  the  minute  colorless  prisms,  whose  width  is  a  fraction  of  the  length 
of  light-waves.  It  is  similar  to  the  blue  color  of  the  sky.  It  is  probable, 
however,  that  there  is  also  blue  light  produced  by  interference  of  the  light 
reflected  from  both  sides  of  the  minute  tabular  crystals  whose  width  is 
also  of  the  order  of  a  fraction  of  a  light-wave  length;  so  that  both  kinds 
of  phenomena  occur  within  these  quartzes."" 

lo  1000,  Holland  described  a  blue  quartz  occurring  as  a  rock  con- 
stituent in  charnockite,  a  local  name  given  to  a  hypersthene  granite  found 
in  India.  Like  the  blue  quartz  of  the  Virginia  and  Texas  areas,  that  from 
India  is  crowded  with  minute  hairlike  inclusions,  presumably  rutile, 
arranged  with  crystallographic  regularity.  Concerning  the  cause  of  color 
of  this  quartz  Holland  says:  "I  conclude,  therefore,  that  the  hairlike 
ioi-lusions,  to  whicli  probably  the  blue  colour  of  the  quartz  is  due,  are 
arranged  with  crystallographic  regularity     .     .     .     ."" 

It  seems  probable  that  the  blue  color  of  the  quartz  characterizing  the 
rocks  of  tile  Amherst- Nelson  counties  area  is  to  be  attributed  to  the  multi- 
tude of  minute  hairlike  inclusions  of  rutile  as  explained  by  Robertson, 
Id  dings,  and  Holland. 

oRolwrtaon,  Robert,  An  Exatni nation  of  Blue  Quartz  from  Nelion  Countv,  Vir- 
•:tnin.  'Hip  Virfsinina,  \^%b,  vol.  vi,  pp.  2-3. 

biddings,  J.  P.,  QuartE- Feldspar-Porphyry  {Qraniphyro  LiparoRe-Ataskoae)  from 
Llano.  Texas,  Jowr.  of  Geology,  1904,  vol.  xii,  p.  227. 

cHolland,  T.  H.,  The  Charnockite  Series,  A  Group  o[  Arcbiean  Hypersthenic 
Rockx  in  Peninsula.  India,  MemoirH  of  the  Geological  Survey  of  India,  1900,  vol. 
xxviii,  pt.  2,  pp.  136-136. 
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Feldipar. 

As  ifl  indicated  in  the  chemical  analyses  and  confirmed  by  micro- 
scopic study  of  thin  sections,  the  rocka  of  the  region  are  characterized  by 
the  development  of  several  varieties  of  feldspar  as  rock  constituents.  Their 
composition  proves  that  representatives  of  both  the  orthoclase  and  plagio- 
clase  groups  occur. 

Feldspar  is  most  abundantly  developed  in  the  feldspathic  facies  of  the 
syenite,  composing  more  than  90  per  cent  of  the  rock  mass,  and  is  an 
essential  constituent  of  the  quartz  monzonite-gneies,  gabbro,  and  diabase. 
It  occurs  in  but  is  a  less  important  component  of  the  gabbro-nelsoDite,  and 
is  only  occasionally  present  in  the  nelsonites. 

Intergrowths  of  the  feldspars  are  characteristic  of  .the  quartz  monzonite- 
gneiss,  syenite,  and  gabbro.  In  the  gneiss  and  to  a  less  extent  syenite 
and  gabbro,  the  intergrowths  are  of  orthoclase  with  plagioclase  as  true 
micropertliite,  but  the  common  form  of  feldspar  intergrowth  in  the  syenite 
and  gabbro  is  of  a  different  kind.  It  consists  of  andeeine  as  the  host  with 
irregular,  intergrown  spindle-like  bodies  of  orthoclase  (microcline)  (Pi. 
VIII,  figs.  1  and  2).  Intergrowths  of  feldspar  with  quartz  as  micropegma- 
tite  are  developed  in  the  quartz  monzonite- gneiss  but  are  essentially  absent  in 
the  other  rock  types.  Lack  of  development  of  zonal  structure  characterizes 
alike  the  feldspar  of  all  the  rock  types  of  the  region.  Micropoikilitic  teiture 
is  common.  The  feldspars  always  carry  inclusions  which  are  frequently  so 
abundant  and  closely  crowded,  especially  in  the  feldspar  of  the  syenite,  as 
to  almost  completely  mask  the  feldspar  substance.  The  principal  inclusions 
are  colorless  and  transparent  crystallites  of  greatly  elongated  prismatic 
and  tabular  habits  of  feldspar  to  those  of  irregular  outline.  These  are 
sometimes  arranged  along  definite  parallel  lines,  but  more  often  they  are 
distributed  entirely  without  crystallographic  regularity.  These  inclusions 
form  a  nearly  constant  microstructure  of  the  feldspars.  Inclusions  of 
other  kinds  usually  common  to  feldspars  occur  but  they  do  not  merit 
special  description. 

Orthoclase  as  separate  anhedral  grains  and  as  spindle-like  intergrorths 
in  plagioclase  (chiefly  andesine)  is  a  constituent  of  all  the  rocks  in  which 
feldspar  occurs,  but  is  least  in  the  diabases  and  is  rare  in  the  nelsonites. 
In  every  rock  type  where  it  enters  as  an  important  constituent  it  is  sub- 
ordinate to  plagioclase,  the  ratio  ranging  from  approximately  1:2  to  I:-"* 
of  orthoclase  to  plagioclase. 
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Microcline  is  sometimes  developed  though  always  subordinate  in  amount 
to  orthoclase  in  the  quartz  monzonite-gneiss,  and  forma  abnndant  spindle- 
like intergrovths  in  plagioclase  (andesine)  of  the  syenite.  Like  orthoclase 
it  is  always  developed  in  anhedral  form. 

Plagioclase,  of  which  there  are  several  species  present,  is  the  dominant 
feldspar  in  every  rock  type  in  which  this  gronp  enters  as  a  rock  component. 
As  stated  above  the  orthoclase  and  plagioclase  molecules  entering  into  the 
composition  of  the  feldepathic  constituent  of  the  rocks  vary  from  approxi- 
mately Or,(AbAn),  to  Or,{AbAn)j.  The  composition  of  the  plagioclase, 
especially  the  dominant  species,  varies  in  a  general  way  according  to  the 
rock  type,  although  several  species  may  be  developed  in  the  same  rock.  The 
range  in  composition  is  from  labradorite  to  albite.  Corresponding  to 
composition  the  chief  plagioclase  in  each  rock  type  is :  Quartz  monzonite- 
gneiss,  oligoclase  near  andesine;  syenite,  andesine;  gabbro,  andesine; 
diabase,  labradorite;   gabbro-nelsonite,  basic  andesine  near  labradorite. 

In  all  the  rock  types  in  which  feldspar  enters,  except  diabase,  plagio- 
clase is  developed  in  anhedral  forms,  sometimes  approaching  irregular 
tabular  or  roughly  prismatic  forms,  but  without  crystal  boundaries.  In 
the  diabases  the  plagioclase  ranges  from  anhedral  (equant)  to  elongated 
lathlike  forms.  Twinning  according  to  the  albite  law  is  the  rule  for  the 
plagioclase  observed  in  each  rock  type. 

Fyrozeae  (Hypersthene) . 

Orthorhombic  pyroxene,  hypersthene,  is  the  most  characteristic  one  of 
the  original  mafic  silicate  minerals  of  the  region.  Hypersthene  or  its 
alteration  product  amphibole  (uralite)  is  an  essential  mineral  in  the 
border  facies  of  the  syenite,  gabbro,  gabbro-nelsonite,  and  occasionally  the 
nelsonitee.  In  the  diabases  hypersthene  is  replaced  by  the  raonoclinic 
pyroxene,  augite.  Secondary  amphjbole  derived  from  hypersthene  is  more 
abundant  in  some  of  the  rocks,  especially  locally,  than  the  original  ortho- 
rhombic  pyroxene.  The  alteration  of  the  pyroxene  to  amphibole  is  de- 
scribed on  page  320. 

The  color  of  the  hypersthene  in  tliin  we<-tions  is  soniewimt  variable. 
ranging  from  pale  yellow  and  green  to  reddish  tints,  the  latter  being 
probably  the  most  characteristic.  Pleoehroism  is  likewise  subject  to  some 
variation  thougfi  always  readily  perceptible.  The  optical  properties  of  the 
mineral  and  a  chemical  analysis  showing  its  composition  are  given  on  page 
218.  The  mineral  is  frequently  characterized  by  brown  inclusions  as  plates, 
irregular  rods  and  grains,  which  are  often  arranged  with  definite  regularity 
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in  the  hjpersthene.     The  mineral  is  never  developed  in  euhedral  ciTstaU 
but  usaall)'  occurs  in  anhedral  forms,  and  less  often  subhedrsL 

Composilion  and  optical  properties. — A  specimen  of  this  mineral  from 
the  syenite  of  the  American  Rutile  Company's  quarries  near  Boseland, 
could  not  be  secured  for  analysis,  as  apparently  all  of  it  had  altered  to 
amphibole  (actinolite).  However,  enough  of  the  mineral  occurring  in  the 
same  rock  at  the  G«nera!  Electric  Company's  mine  near  Boee's  Mill  wig 
isolated  and  freed  from  the  alteration  lims  of  amphibole,  and  analvW 
with  the  following  results : 

Analysis  and  ratios  of  hypersthene  from  the  General  Electric  Compang't 

nUne,  Nelson  County. 

(Wu.  M.  Thornton,  Jb..  Analyst.) 


Per  cent. 

Ratio. 

sio,    ...          

52.44 

3.51 

1.46 
17.11 
16.73 

2.98 

0.26 

1.24 

0.18 

1.96     • 

0.94 

0.52 

0.05 
Trace 

99.38 

.874 

Pe,o 

.009 

MirO  ..                        

418 

oSi .::::::;::::::::::::;::::;::::::::::::: 

Na,0   .. 

H,0—     .... 

^0,   ■■': ; 

Total      

The  ratio  of  FeO:MgO  =  1:1.76;  if  CaO  be  included  with  MgO  the 
ratio  then  becomes  1:2.  The  percentages  of  Fe,0,  and  Al,0,  shown  in 
tliis  analysis  are  usual  in  analyses  of  hypersthene,  the  latter  (A1,0,) 
Iwing  sometimes  prestnt  up  to  10  per  cent.  The  K,0  ranges  a  trifle  high 
for  hypersthene. 

The  optical  properties  of  the  mineral  as  determined  bv  Dr.  E.  S. 
Larsen,  show  it  to  be  an  orthorhombic  pyroxene  of  a  variety  rich  in  iron 
(hypersthene).  The  obtuse  bisectrix  Z  is  parallel  to  the  crystal! ographie 
axis  c,  and  the  mineral  is  optically  negative  ( — ).  ■  Pleochroism  i" 
l>crceptibie:  X  =  pale  pink,  Y  =  pale  yellowish -green,  Z  =  pale  green. 
The  indices  of  refraction  measured  by  the  immersion  method  are: 


=  1.696+  0.00.1,  p  =  1.710-t  0.003,  y  =  1.713^  0.0 
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The  meaeurements  of  the  birefringence  with  the  Babinet  compensator  are: 
y—  o:  =  0.017,  0.017,  0.018,  0.0185,  average  0.018;   y  —  P  =  0.0036. 
The  axial  angle  as  measured  with  the  Federof  stage  gave  values  of 
3V  =  53°,  54.1°,  58.4°,  53.1°,  52°,  54.8°;  average  53.0±°  1°.    The  axial 


angle  computed  from  the  birefringence  sin'y   : 
persion  is  barely  perceptible,  p  >  V. 


is   63.2' 


Dis- 


Amphibole  (Uralite). 

Compact  pyrogenetic  amphibole  has  not  been  identified  in  thin  sections 
of  any  of  the  rocks  of  the  region,  but  fibrous  uralite  having  the  composi- 
tion of  actinolite  and  derived  from  orthorhombic  pyrosene  (hypersthene) 
is  a  common,  and  at  times  abundant,  constituent  of  all  the  rocks,  except 
the  quartz  monzonite-gneiss.  It  is  developed  in  minute  grains  up  to  very 
large  masses  locally  abundant  in  the  border  facies  of  the  syenite.  Its 
optical  properties  and  a  chemical  analysis  showing  its  composition  are 
given  on  page  213.  As  described  and  discussed  on  page  220,  the  alteration 
of  hypersthene  in  the  rocks  to  uralite  of  actinolite  composition  is  not  one 
of  simple  paramorphism  but  has  been  accompanied  by  marked  chemical 


Composition  and  optical  properties. — An  analysis  of  hornblende 
separated  from  the  rock  in  the  south  cut  of  the  American  Rutile  Company's 
quarries,  near  Roseland,  yielded  the  following  results: 


Analysis  and  ratios  of  hornblende  from  Nelson  County. 
iWm.  M,  Thobstok.  -Ib..  Aiialyiil.) 


'■""•'■ 

Ratio. 

sio,     

51.31 

.855 

Pe.O,  

5.31 

.033 

FeO   

MffO    

CaO     

Na.O    

10.12 
17.93 
10.95 
0  22 

.140 
.448 
.195 
.003 

H,0—    

Tio,  ..:::::;:::::::::::::"■ 

037 

MnO  

p,o, 

0.11 
None 

.001 

CO,   

Total   

Trace 

mM 
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As  computed  from  this  analysis  the  ratio  of  CaO:  (Ug,Fe)0  is  1:1 
and  correeponds  to  actinolite,  which  is  further  confirmed  by  the  oplicil 
properties  given  below, 

Kegascopically  the  mineral  is  green  in  color  and  has  rather  dull  lustre 
except  on  the  fracture  surface.  The  cleavages  are  not  easily  seen  in  band 
specimens  on  account  of  the  fine  fibrous  character  of  the  mineral,  but  large 
lustrous,  slightly  curved  fracture  surfaces  resembling  cleavage,  are 
prominent.  Sections  cut  parallel  to  this  surface  exhibit  most  of  the  fibres 
parallel  to  100  and  show  the  emergence  of  the  acute  bisectrix. 

In  normal  thin  sections  the  mineral  is  colorless  but  in  thicker  slices 
it  is  green  and  pleochroic.  The  mineral  shows  the  usual  cleavage  of 
arophibole  and  the  fibres  manifest  a  tendency  to  orientation.  Oriented 
rods  of  a  reddish-brown  to  opaque  material  give  the  effect  of  shading  to 
the  section.  These  rods  are  usually  parallel  to  the  fibres  but  cut  across 
the  fibres  not  oriented  and  probably  represent  cleavage  cracks  in  the 
original  mineral.  Material  for  obtaining  good  basal  sections  was  not 
procurable  so  that  their  orientation  in  this  direction  is  not  known. 

The  fine  powder  immersed  in  a  liquid  of  the  same  index  of  refraction 
showed  many  fragments  with  parallel  extinction  cut  at  a  small  angle  to 
the  acute  bisectrix.  The  extinction  angle  measured  on  ten  cleavage  flakes 
gave  values  ranging  from  18.4°  to  16°,  with  an  average  of  17.4°.  The 
extinction  angle  on  a  section  parallel  to  the  plane  of  the  optic  axis  is 
18°,  The  dispersion  is  strong  and  complete  extinction  does  not  oaur. 
The  indices  of  refraction  measured  by  the  immersion  method  are: 
«  =  I.620±  0.003,  y  =  1.649+  0.003,  y  —  -x  =  0.039. 

The  birefringence  was  measured  directly  by  measuring  the  thickness 
of  oriented  sections  and  comparing  the  interference  color  with  tho^f  of 
the  table  given  by  Iddings.  The  average  of  7  measurements  gave  y  — $  = 
0.0133  with  values  varying  from  0.0115  to  0.0128,  fi  —  a:  =0.0176, 
y  —  IX  =  0.0310.  The  axial  angle  was  measured  on  five  pieces  cut  nearjv 
normal  to  the  acute  bisectrix  and  gave  values  ranging  from  70.7°  to  82', 
with  an  average  of  81°.  The  axial  angle  computed  from  the  values  found 
for  the  birefringence  gave  79.6°,  which  is  within  the  limits  of  probable 
error. 

The  dispersion  of  the  optic  axis  is  strong  and  the  mineral  is  optically 
negative  ( — ) ;  the  optical  orientation  is  that  of  actinolite. 

Uralittzation  (alteration  of  kypersihene  to  uraUte). — The  chemical  and 
microscopical  studies  of  the  syenite,  as  well  aa  of  other  rock  types  of  the 
region,  conclusively  prove  that  the  amphibole  (actinolite)  is  secondary  anil 
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has  been  derived  from  the  original  mineral,  hypersthene,  subsequent  to  the 
^lidification  of  the  rock.  \ot  only  is  this  change  apparent  in  thin  sections 
under  tjje  microscope  where  nearly  all  stages  of  alteration  from  incipient 
change  to  complete  transformation  of  hypersthene  to  amphibolc,  can  be 
traced,  but  it  is  clearly  shown  in  some  of  the  hand  specimens,  where  large 
and  small  cores  or  eyes  of  hypersthene  are  rimmed  by  an  irregular  but 
usually  deep  border  of  amphibole  (PI-  VII,  and  fig,  15), 

The  hornblende  is  fibrous  actinolite  and  not  the  compact  variety  which 
has  been  ascribed  by  most  petrographers  to  paramorphic  alteration  of 
augite"  and  which,  according  to  Iddings  and  others,  has  not  been  conclu- 
siyely  proved  to  be  alteration,  bat  can  in  some  cases  at  least  be  attributed 
to  synchronous  growth.  In  this  case  the  rock  has  suifered  intensely  from 
dynamic  forces  under  deep  burial,  and  idiomorphic  compact  hornblende 
has  not  been  observed. 

On  comparing  the  analysis  of  the  original  hypersthene  (page  218)  with 
that  of  uralite  (actinolite,  page  219),  the  moat  important  changes  noted 
in  the  essential  constituents  are  the  oxidation  of  ferrous  to  ferric  iron, 
slight  increase  in  magnesia,  and  a  large  addition  of  lime.  It  seems 
reasonably  certain  that  the  source  of  the  additional  lime  involved  in  this 
change  was  derived  from  the  lime-soda  feldspar,  which  is  present  in  large 
amount  and  is  the  principal  feldspathic  constituent  in  the  rock  (PI.  VIII, 

%.  1). 

Plate  VII  is  a  photograph,  natural  size,  of  a  polished  specimen  of  the 
syenite  from  the  Qeneral  Electric  Company's  mine,  and  the  sketch,  fig. 
15,  made  partly  from  the  same  specimen,  illnstrate  the  formation  of  the 
amphibole  (actinolite).  The  unaltered  pyroxene  (hypersthene)  is  dark 
brown  to  bronze  in  color  and  forms  the  cores  of  the  larger  maaaes  of 
amphibole,  which  form  an  outer  fibrous  zone  of  silky  lustre,  and  extends 
into  the  feldspar  along  cleavage  planes  and  fractures,  giving  the  irregular 
lines  noticed  in  the  photograph.  The  alteration  is  probably  dne  to  the 
circulation  of  solutions  along  almost  microscopic  fractures,  since  most 
of  the  hornblende  masses  are  connected  by  them.  It  seems  clear  that  the 
feldspar  has  furnished  a  part  of  the  material  entering  into  the  formation 
of  the  hornblende,  for  where  the  fractures  pass  through  the  feldspar  horn- 
blende has  developed,  and  they  form  markedly  dark  green  lines  ranging  up 
to  i  mm.  in  width,  but  where  the  fractures  cross  the  blue  quartz  no 
alteration  has  taken  place  and  they  are  almost  invisible. 

oFor  »  dueuasion  "On  th«  paniinorphle  ftlt«ration  of  pyroxene  to  oompact  horn- 
blende" see  OoTdon,  C,  H.,  Amer.  Oeologiat,  1004,  vol.  xxxiv,  pp.  40-4S.  Relerenees 
t«  the  1ite»tnre  Are  cited  by  Gordon. 
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The  chemical  analyses  clearly  indicate  that  the  change  from  hyperethene 
to  actinolite  was  not  one  of  paramorphism  but  involved  chemical  chanf^ 
described  above  in  the  transformation.  The  change  is  a  deep-sea,ted  one 
as  is  fully  indicated  by  the  character  of  the  rock  already  described. 
According  to  Van  Hise"  the  change  of  orthorhombic  pyroxene  to  hornblende 
is  accompanied  by  diminution  of  volume  and  absorption  of  heat. 

Biotite. 

This  mineral  is  an  important  constituent  of  the  quartz  monzonite-gueist 
and  some  of  the  nelsonites.  It  is  rare  though  not  entirely  absent  in  the 
other  rock  types  of  the  region.  In  some  instances  its  relations  are  soch 
as  to  suggest  probable  secondary  origin,  but  in  most  cases  it  is  undoubtedly 
a  primary  constituent.  The  color  is  uniformly  brotvn,  with  marked 
pleochroism,  and  it  presents  no  unusual  features. 

OliTine. 

While  olivine  is  met  with  as  a  constituent  in  some  of  the  diabases 
including  basalt,  it  is  in  nowise  characteristic  of  the  region.  It  exhibits 
the  usual  features  and  since  it  is  not  a  characteristic  mineral  of  the  resjion 
it  does  not  call  for  further  comment. 

Apatite. 

This  mineral  is  observed  either  as  an  essential  or  subordinate  con- 
stituent in  all  the  rocks  of  the  region.  It  is  developed  megascopically. 
though  verv-  unequally  in  amount,  in  each  type  except  the  quartz  monzonite- 
gneiss  and  diabase,  in  which  it  occurs  only  in  minute  microscopic  crystals, 
frequently  of  sharp  idiomorphic  outline.  It  forms  an  essential  mineral 
in  the  gabbro- nelsonites  and  nelsonites  proper,  and  in  all  other  tvpes  it 
is  developed  only  as  a  minor  constituent. 

It  has  occasionally  been  noted  in  fairly  large  masses  in  the  syenite, 
and  is  fairly  uniform  in  size  but  variable  in  quantity  in  the  nelsonites, 
averaging  2  to  3  mm.  in  cross-section.  Quantitatively  the  range  in  apatite 
in  the  rocks  is  from  0.3  per  cent  up  to  30  per  cent.  The  mineral  iB 
developed  in  euhedral  and  anbedral  forms  with  an  almost  constant  tendenc}' 
towards  crystal  outline.     It  exhibits  the  usual  optical  properties,  but  in 

1  Metninorphisra.  Klono.  xlvii.  U.  S.  G«ci\.  Survrr, 
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many  of  the  nelsonites  it  shows  partial  alteration  to  the  earthj  form 
osteolite.  It  is  a  flnor-apatite  containing  at  times  a  little  chlorine.  This  is 
in  accord  with  the  nelsonitee  in  general  as  shown  in  the  table  of  aoaljseB 
of  the  TOcltB  on  page  147. 

A  chemical  analysis  of  apatite  from  one  of  the  segregated  masses 
occurring  in  the  nelsonite  of  the  General  Klectric  Company's  mine,  and 
given  on  page  108,  is  as  follows: 

Analysis   of  apatite   from   nelsonite,    Oenerat  Electric   Company's   mine. 
Nelson  County. 

(Wm.  M.  THOBKTon,  Jb..  Anolyil.) 

Per  cent. 

CaO  54.37 

MgO 0.53 

P,0,   41.30 

T  2.50 

C! 0.10 

810.    0.33 

TIO 0.20 

Pe,0. 0.61 

H.O  0.19 

100.13 
Excess  oxygen 1 .07 


The  melting  point  of  the  apatite  represented  by  this  analysis  was  deter- 
mined by  the  Bureau  of  Standards  to  be  1,645°  G. 

Hagnetite. 

Magnetite  is  developed  as  a  minor  accessory  constituent  in  most  of  the 
rock  types  of  the  region.  It  is  essentially  absent  from  the  feldspathic 
facies  of  the  syenite  but  it  forms  one  of  the  lesser  modal  components  of 
the  region.  It  is  developed  as  a  principal  constituent  of  the  magnetite- 
biotite  varieties  of  nelsonite  and  at  times  is  quantitatively  the  most 
abundant  mineral.  The  mineral  occurs  chiefly  as  irregular  grains,  some- 
times in  we  11 -developed  crystals,  and  usually  contains  more  or  less  titanic 
oxide.    It  exhibits  no  unusual  features  and  needs  no  special  description. 

Hmenite. 

In  abundance  ilmenite  is  one  of  the  characteristic  minerals  of  the 
region.    Its  general  characters  are  similar  to  those  of  its  many  occurrences 
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elsewhere,  except  that  it  is  never  developed  here  in  large  granular  i 
but  is  uiostly  in  irregular  email  grains  rarely  exceeding  aeveral  mm.  in 
cross-sectioD.  It  forms  the  dominant  constituent  in  most  of  the  nelsonites, 
amounting  in  some  instances  to  as  much  as  80  per  cent  of  the  entire  rock 
mass,  when  it  forms  a  background  in  which  lie  the  other  minerals.  The 
mineral  is  a  prominent  component  of  the  gabbro-nelBonites,  and  is  an 
important  though  accessory  constituent  of  the  gabbros  and  the  homblendic 
facies  of  the  syenite,  as  exposed  in  the  quarries  of  the  Americao  Rutile 
Company  near  Roseland. 

As  remarked  above  one  of  its  characteristics  is  development  in  equi- 
dimensional  grains  of  usually  irregular  outline,  and  not  exceeding  in  siie 
the  other  chief  constituents  of  the  rock  in  which  it  occurs.  A  second 
important  feature  of  the  mineral  is  its  composition.  In  addition  to  ferrous 
oxide  it  always  contains  a  considerable  percentage  of  ferric  oxide,  lees 
than  1  per  cent  of  vanadium,  and  a  much  smaller  amount  of  chromium. 
As  developed  in  the  discussion  below  of  the  chemical  composition  of  the 
ilmenite,  the  mineral  appears  not  to  be  a  straight  ilmenite  (FeO.TiO,) 
nor  does  it  correspond  to  the  formula  FeO.TiOj.rtFe,Oj  aa  suggested  by 
some  authors  for  many  occurrences  of  the  mineral.  Theoretically  the 
mineral  of  this  regiou  corresponds  in  composition  to  a  titanate  of  ferrous 
and  ferric  oxides  {FeCTiOj  and  Fe,0,.«TiO,). 

The  order  of  crystallization  of  the  ilmenite  from  the  mapma  in  the 
netsonites  is  regarded  as  essentially  contemporaneous  with  the  other  con- 
stituents with  which  the  ilmenite  is  associated,  since  each  mineral  contains 
inclusions  of  the  other  as  disclosed  in  the  microscopic  study  of  thin  sections. 
The  ilmenite  always  appears  fresh  in  the  hand  specimens  but  most  of  the 
thin  sections  show  more  or  less  alteration  of  the  mineral  to  leucoxene  under 
the  microscope. 

Composilion  of  the  ilmenite. — An  analysis  of  the  ilmenite  (I)  separated 
from  the  rock  ilmenite  neleonite  of  the  General  Electric  Company's  mine, 
and  of  the  same  mineral  (II)  separated  from  the  syenite  of  the  American 
Sutile  Company's  quarries,  near  Roseland,  yielded  the  reaulta  given  in  the 
annexed  table.  These  two  analyses  of  ilmenite  from  Nelson  County  are 
compared  with  one  of  the  same  mineral  (III)  from  the  ilmenite-mtile 
area  in  Goochland  and  Hanover  counties,  Virginia. 
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utlyses  and  ratios  of  ilmenite  from   NeUon  and   Goochland  counties, 
Virginia. 


1      ' 

n 

ni 

1  Per  cent. 

Ratio. 
.680 
.569 
.007 

.027 

.... 

Per  eenl. 
50.92 
39.40    1 

'i'i 

RalM. 

.636 
.547 

:657 

Per  cent.        Ratio. 

MdO    

0.52    1 

SnO,  

....     Trace    | 

Ta,0,    . 

None    : 

None    ' 

Total    i     100.86    > 

Sneciflc  sravity.  4.713. 

99.61 

100.36 

1 

ne,  Nelson  Coun^. 


iCalcuUted  as  FeO. 

I.     Ilmenite  separated  from  nelsonite,  General  Electric  Co.'e 

Wm.  M.  Thornton,  Jr.,  analyst. 
II.     Ilmenite    separated    troin    ■yenite,    American    Ratik   Co.'a    quarries,  NelMm 

County.    B.  F.  Beard,  analyst, 
in.     Ilmenite  collected  by  F.  L.  Hesa  from  ilmenite- rutile  area,  Ooochlaud  County. 
R.  C.  Wells,  analyat. 

The  melting  point  of  ilmenite  represented  in  analysie  I,  as  measured 
by  the  Bareau  of  Standards,  is  1,390°  C.  The  analyses  in  columns  I  and 
II  indicate  that  the  ilmenite  ie  not  uniform  in  composition,  there  being 
a  large  percentage  of  Fe,0,  present  in  each  case.  In  view  of  this 
circumstance  the  formula  usually  applied  to  nonnal  ilmenite  (FeO.TiO,) 
does  not  correspond  to  the  two  analyses  of  the  mineral  given  here.  If, 
however,  the  Fe,0,  in  each  case  be  changed  to  the  corresponding  amount 
of  FeO  and  added  to  that  found  on  analysis,  the  total  FeO  and  TiO, 
approximate  closely  the  formula  FeO.TiO,.  In  view  of  the  considerable 
amount  of  Fe,0,  found  on  actual  analysis  the  statement  above  ia  without 
value  and  does  violence  to  the  methods  usually  employed  in  calculating 
mineral  formuUe  from  chemical  analyses. 

Neither  does  the  general  formula  for  ilmenite  (FeTiO,.nFe,0,)  corre- 
spond to  the  mineral  represented  by  analyses  I  and  II,  since  there  is  found 
in  each  case  an  excess  of  TiOj  over  that  necessary  to  satisfy  all  the  FeO 
in  the  formula  FeO.TiO,.  Of  this  excess  of  TiO,  shown  to  be  present  on 
analysis  only  the  smallest  fraction  of  1  per  cent  can  be  accounted  for  as 
admixed  rutile  which,  for  one  cause  or  another,  could  not  be  separated 
from  the  samples  of  ilmenite  analyzed. 
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Metallographic  study  of  polished  surfaces  of  the  Kelson  Count v 
ilmenite  was  Dot  attempted,  and  the  FcjOj  present  in  the  mineral  may  be 
explained  on  the  basis  that  the  ilmenite  is  not  homogeneous  in  etructnre 
but  is  composed  of  intergrowths  of  hematite  (FejO,)  with  ilmenite 
(FeTiO,)  and  the  two  not  mixed  isoraorphously  as  has  been  assumed  for 
many  ilmenites.  In  his  investigations  of  the  ilmenite  rocks  near  Si. 
Urbain,  Quebec,  Canada,  Warren"  adduces  facta  which  point  strongly  to 
the  conclusion  that  the  FejO,  is  present  as  hematite  in  intimate  crystallo- 
graphic  intergrowth  with  ilmenite. 

Theoretically  the  analyses  (I  and  II)  of  the  table  conform  to  a  titanale 
of  ferrous  and  ferric  oxides,  and  the  composition  of  ilmenite  as  calculated 
from  these  analyses  is  essentially  as  follows: 

I.     87.65 


We  have  not  found  ferric  titanates  corresponding  to  Fe,0,.4TiOj  and 
FcjO^.STiOj  described  in  the  literature,  but  recently  Palmer*  destribi'd 
the  intermediate  one  Fe,03.3TiO,  under  the  new  mineral  name  arizoniit. 

The  mineral  specimen  represented  by  analysis  I  of  the  table  was  sub- 
jected to  a  careful  chemical  study  to  ascertain  the  presence  of  rare  elements. 
It  is  of  interest  to  note  the  presence  of  an  appreciable  amount  of  vanadium 
with  less  chromium  and  a  trace  of  tin.  Columbinm  and  tantalum  were 
not  detected.  In  this  connection  the  analyses  of  rutile  from  the  same 
area  (page  227)  which  show  the  presence  of  both  vanadium  and  chromium 
should  l)e  compared  with  the  analysis  of  ilmenite  in  column  I. 

The  e.xact  form  or  combination  in  which  vanadium  and  chromium  esist 
in  the  ilmenite  is  not  known,  but  possibly  in  this  case  as  V,0,  and  Cr,0, 
replacing  a  part  of  the  FcjO,. 

BntUe. 

Like  ilmenite  the  occurrence  of  large  amounts  of  free  titanic  oxide  in 
the  form  of  the  primary  mineral  nitile  in  the  rocks  is  one  of  the  most 
characteristic  features  of  the  region.  Its  prominence  in  this  region  is 
destined  to  play  an  important  role  in  petrography,  especially  in  its  classifi- 
catory  relations  in  the  new  quantitative  system. 

nWarri'n.  ChBa.  H.,  The  TImpniU  Kocka  Tiear  Rt  Urbsin.  Quebec:  A  New  Otwir- 
renpp  of  Rulile  hihI  Sapriiirine,  Amer.  Jour.  Sci.,  1912,  vol.  jtmiii.  pp.  Ses.aeT. 

ftPBliner.  (.'.,  Arizomte,  A  Metati Innate,  Amer.  Jout.  Sci.,  1009,  vol.  xiriii.  i^- 
3i>3-3.i0. 
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Apart  from  its  importaoce  commercially  aaA  as  a  rock-making  cod- 
gtituent  nitile  occurs  id  great  abuodance  as  Deedlelike  inclusions  in  the 
quartz  developed  in  the  rocks,  imparting  a  peculiar  but  distinctive  blue 
opalescent  color  to  the  quartz,  which  has  already  been  shown  to  be  a 
prominent  and  to  the  unaided  eye  conspicuous  clan  character  of  the 
region. 

As  a  principal  constituent  nitile  occurs  in  the  rutile  nelsonites  as 
irregular  eqnant  grains  up  to  3  mm.  in  size  and  may  form  6S  per  cent 
of  the  rock  mass.  It  is  a  prominent  mineral  in  places  in  both  the 
feldspathic  and  homblendic  facies  of  the  syenite  and  is  distributed  through 
the  rock  as  formless  grains  of  variable  size  and  in  wavy  lines  or  streaks, 
the  percentage  of  which  is  very  variable.  This  mineral  has  nowhere  been 
observed  megascopically  with  crystal  boundaries  but  is  always  characterized 
by  irregular  outlines.  The  important  megascopic  and  microscopic 
properties  of  the  mineral  are  described  in  detail  under  the  several  rock 
types  in  which  it  forms  an  important  constituent. 

The  composition  of  both  the  syenite  and  nelsonite  rutiles  is  shown  in 
the  complete  chemical  analyses  of  the  mineral  given  below.  Like  the 
ilmenite  the  analyses  of  the  two  rutiles  show  appreciable  amounts  of 
vanadium  and  chromium,  and  in  each  vanadium  is  much  in  excess  of 
chromium.  The  possible  effect  of  these  on  color  of  the  rutile  is  discussed 
below  on  pages  228-229. 

Analyses  of  the  syenite  and  nelsonite  rutile.  Nelson  County. 
(Wm.  M.  Thornton,  Jb.,  Anaivfl) 


i              I 

II 

PeO  

2.35 

0  92 

1.68 
0.26 

v,o,       

0.15 

0.20 

8nO,  

Trace 

None 

Ta,0 

None 

Kone 

i           99.15 

101.01 

I.     Rutile  from  feldspathic  facies  of  B;<eiiit«,  American  Rutile  Co.'a  quftrrien,  Rosft- 

land. 
II.    Kutile  from  nelaonite,  General  Electric   Co.'s  mine,    l.S  miles  northwest  of 
Rose's  Hill. 
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Determioation  of  the  melting  point  of  the  two  rntiles  b;  the  Bureau  of 
Stondaidfl  gave  I  (syenite  rntile)  1,690°  C,  II  (nelsonite  nttile)  1,700°  C. 
Both  tantalum  and  columbitim  were  carefully  looked  for  chemically  in  the 
two  rutiles  but  were  not  detected.  Neither  were  they  present  in  the 
ilmenite.  Since  the  rocks  containing  these  minerals,  rutUe  and  ilmenite, 
are  of  igneous  origin,  their  similarity  in  composition  with  respect  to  the 
lesser  rare  elements  is  suggestive. 

The  pos^le  effect  of  vatiadium  on  the  color  of  nttile." — There  are 
presented  in  tabular  form  below  determinations  of  V,0„  Cr|0|,  and  FeO 
in  three  rutiles  which  differ  strongly  in  color. 

Partial  chemical  analyses  of  rutite. 
(Wu.  M.  Thobnton,  Jb.,  Anatt/tt.) 


v,o 

0.15 
0.02 
2.3S 

0.20 
0.07 
1.68 

0.55 

FeO   

0.81 

I.     Red    rutile    from    feldspathic   focies    of    Bfenite,    Roselvid,    Nelson    Coiin^, 

II.  Very   dark   rutile   from   nelsonite   on   Warwick   tract.   1.6   miles   northwest  of 

Rose's  Mill,  Nelson  County,  Virginia. 

III.  Nearly  black  rutile  from  kragerite,  KragerO,  Norway. 

Attention  has  already  been  directed  in  the  analyses  to  the  predominance 
of  vanadium  over  chromium.  Hasselberg*  found  for  the  rutiles  he 
examined  that  when  vanadium  was  present  in  very  appreciable  amount 
chromium  was  also  present,  but  when  vanadium  was  present  in  very  small 
amount  chromium  was  present  either  in  trace  or  entirely  absent  Although 
there  are  frequent  exceptions  vanadium  is  commonly  though  hut  slightly 
in  excess  of  chromium  in  the  known  analyses  of  titaniferous  magnetiies." 
The  exact  form  or  combiuation  in  which  these  two  constituents  are  present 
in  rutile  is  entirely  conjectural. 

It  is  suggested  that  for  the  partial  chemical  analyses  of  the  mtilei 
tabulated  above,  that  the  difference  in  color,  whether  red  or  nearly  black, 
is  probably  not  to  be  attributed  to  iron  oxide.     In  comparing  the  per- 

oWatsoH,  Thomas  L.,  Vanadium  and  Chromium  in  Entile  and  the  Possible  Effect 
ol  Vanadium  on  Color,  Jour.  Wash.  Acad.  Scl.,  1912,  vol.  ii,  pp.  431-434. 

DHasselberg,  B.,  Astropbysical  Journal,  1897,  vol.  vi,  pp.  22-26;  also  Chan. 
News,  1897,  vol.  76,  pp.  102-104. 

oWalz,  iBidor,  Amer.  Chemist,  1876,  vol.  vi,  pp.  463-406;  Kemp,  J.  F.,  IBth  Ann. 
Bept.  U,  S.  Geol.  Survej,  pt.  Ill,  1897-8,  pp.  387-397. 
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centages  of  iron  (PeO)  with  those  of  Tanadinin  (VjOj)  in  the  table  above 
it  will  be  observed  that  vanadimn  increases  with  decrease  of  iron,  and  the 
color  increases  with  depth  in  the  same  direction.  In  other  words,  the 
mtile  (I)  containing  highest  FeO  and  lowest  VjO,  is  red  in  color,  while 
the  mtile  (III)  showing  least  FeO  and  highest  V,0,  is  nearly  black; 
II  is  intermediate  in  color  and  shows  less  FeO  and  more  V,Oj  than  I. 
These  results  are  at  least  suggestive  and  it  will  be  of  interest  to  ascertain 
whether  the  possible  relation  holds  in  future  analyses  of  mtile. 

It  is  a  noteworthy  fact  that  of  the  32  analyses  of  mtile  quoted  by 
Kintze*  neither  vanadium  nor  chromium  is  reported  as  being  present  in  a 
single  analysis.  Sufficient  work  has  been  accomplished  by  recent  students, 
however,  to  indicate  that  in  future  analyses  of  nitiles  careful  search  should 
be  made  for  both  vanadium  and  chromium. 

Graphite. 

Graphite  is  noted  as  a  minor  constituent  in  places  in  most  of  the 
rocks  of  the  area,  but  more  especially  in  association  with  the  basic  rock 
types,  nelsonite  and  gabbro.  It  is  most  abundant  in  the  General  Electric 
Company's  mine  on  Piney  Siver,  where  it  occurs  as  a  prominent  constituent 
in  the  gabbro,  and  locally  in  the  syenite,  averaging  about  2  mm.  in  diameter 
arranged  in  parallel  Bakes  which  impart  a  gneissic  appearance  to  the  rock. 
In  many  instances  it  is  noted  as  microscopic  inclosures  iu  the  rock-forming 
niiiterals  of  several  rock  types  occurring  in  the  district.  In  one  or  two 
cases  it  is  found  in  the  blue  opalescent  quartz  of  veinlike  character  in  the 
rocks.  Other  occurrences  are  noted  under  Miscellaneous  Minerals  on 
page  232. 

The  graphite  is  frequently  intimately  associated  with  pyrite,  sometimes 
suggesting  the  relations  of  iutergrowths,  which  make  it  necessary  to  regard 
the  two  minerals  as  contemporaneous  in  origin.  Such  marked  association 
of  the  two  minerals  undoubtedly  indicates  that  they  are  in  some  way 
genetically  related.  It  is  possible  and  even  probable  that  they  have  under- 
gone some  rearrangement  on  concentration  from  metamorphism,  a  feature 
so  strongly  marked  in  the  rocks  of  the  district.  Under  the  conditions  of 
rearrangement  or  concentration  pyrite  might  readily  have  been  precipitated 
in  part  by  the  graphite. 

In  summary  it  may  be  stated  that  sedimentary  origin  of  the  graphite 
b  regarded  as  untenable  since  the  rocks  of  the  district  are  igneous. 
Neither  carbonaceous  nor  other  sedimentary  beds  are  known  in  the  district. 


nHintze,  C,  Handbuch  der  Hinerslogie,  IM7,  p.  1622. 
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The  graphite  occurs  diaseminated  in  the  rocks  and  not  in  veins.  In  view 
of  these  facts,  the  mineral  in  the  rocks  of  this  district  must  be  r^arded  aa 
of  magmatic  origin. 

Other  MiueralB. 

The  practical  absence  of  primary  hornblende  in  the  rocke  of  the  region 
is  a  very  noteworthy  feature.  Secondary  hornblende  derived  chiefly  from 
pyroxene  (hypersthene)  is  an  abundant  constituent,  but  with  the  exception 
of  the  single  occurrence  of  hornblende  nelsonite  near  Lovingston,  primary 
hornblende  has  not  been  observed  in  any  of  the  rocks. 

Among  the  lesser  minerals  may  be  mentioned  the  sulphides,  pyrite  and 
pyrrhotite.  The  former  (pyrite)  occurs  both  as  a  minor  constituent  chiefly 
of  the  nelsonites  and  coating  the  surfaces  of  joint-planes.  In  the  latter 
occurrence  it  is  certainly  of  secondary  formation,  and  its  relations  are 
such  in  some  instances  as  to  indicate  probable  secondary  formation  in  its 
occurrence  as  a  rock  component.  Pyrrhotite  has  been  observed  as  a 
subordinate  mineral  in  several  of  the  rock  types,  chiefly  as  shapeless  grains 
and  is  probably  an  original  or  primary  mineral. 

Titanite  occasionally  occurs  as  sporadic  crystals  and  grains  in  some 
of  the  basic  rocks,  and  zircon  has  been  observed  in  a  few  cases  in  several 
thin  sections  of  the  syenite. 

TEXTUEAI  CHARACTERS. 

The  textural  characters  of  the  rocks  of  the  region  point  to  the  physical 
conditions  under  which  the  magmas  solidified  rather  than  dependence  on 
chemical  composition.  The  rocks  are  entirely  holocrystalline  and  their 
granularity  conclusively  shows  that  with  possibly  one  or  two  exceptious 
(chiefly  dikes  of  diabase  or  basalt)  they  solidified  at  depth  and  are  plutonic. 
No  effusive  types  occur. 

The  even-granular  texture  predominates,  although  porphyritic  texture 
is  frequently  observed  in  the  quartz  moozonite-gneiss,  gabbro>nelsonite,  and 
in  some  of  the  nelsonites.  In  the  quartz  monzonite-gneiss  and  gabbro- 
nelsonite  the  phenocrysts  are  feldspar;  in  the  porphyritic  facies  of  nel- 
sonites, apatite. 

AGE  KELATIONS. 

There  is  no  direct  evidence  upon  which  to  base  an  accurate  or  even  a 
clo^ju  determination  of  the  age  of  the  rocks  of  the  district.  The  principal 
facts  for  regarding  the  district  mapped  as  a  comagmatic  region  have  been 
stated  and  discussed.    Fivu  principal  rock  groups  have  been  recognized  and 
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described,  which,  named  in  their  probable  order  of  differentiation,  including 
the  Burroundiog  rockri,  are;  (1)  Biotite-quartz  monzonite-gneies  with 
schists,  (2)  syenite,  (3)  gabbro,  (4)  nelsonite,  and  (5)  diabase.  Several 
of  these  are  regarded  as  approximately  contemporaneoua,  since  gradations 
between  them  have  been  established.  The  oldest  of  these  is  the  quartz- 
biotite  monzonite-gneisB,  and  the  youngest  diabase,  fince  the  latter  cuts  all 
other  rock  types  in  the  district. 

The  quartz-bio tite  monzonite-gneiss  is  the  dominant  type  of  the  south- 
cast  slope  of  the  Blue  Ridge  and  southeastward  along  its  base,  in  middle 
west«Tn  Virginia.  Just  beyond  the  southeast  limits  of  the  mapped  area  is 
an  extensive  belt  of  Lower  Cambrian  rocks,  the  lowest  members  of  which 
have  been  formed  from  detritus  derived  from  the  quart z-biotite  monzonite- 
gneisf.  The  evidence  seems  conclusive,  therefore,  that  the  gneiss  at  least, 
which  is  the  country  rock  of  the  region  mapped,  is  pre-Cambrian.  Until 
more  conclusive  evidence  can  be  found,  which  inuf^t  be  sought  beyond  the 
limits  of  the  area  mapped,  the  remaining  rock  ty|)es,  with  probably  the 
exception  of  diabase,  must  likewise  be  regarded  as  pre-Cambrian, 

The  diabase  is  undoubtedly  later  in  age  than  tlie  other  rocks  in  the 
district,  since  it  has  been  found  cutting  them,  and  probably  much  later,  as 
the  joints  in  several  of  the  other  types  have  guided  its  intrusion  in  part  at 
least. 

HISCELLAKEOUS  HIHEKALS. 

IHTBODITCTOaT  STATEKEITT. 

Under  this  heading  are  included  (a)  certain  minerals  occurring  within 
the  limits  of  the  mapped  area  hut  not  described  In  the  preceding  pages  of 
this  report,  and  (h)  several  minerals  occurring  in  the  same  general  region 
but  beyond  the  limits  of  the  area  mapped. 

MINERALS   OCCURRING    WJTIIIN   THE    MAPPED   AREA    NOT    PREVIOUSLY 
DESCRIBED. 

■"Sphalerite. — It  is  reported  that  several  years  ago  a  shaft  was  sunk  in 
the  bed  of  Allen  Creek  half  a  mile  southwest  of  Rose  Union  on  a  vein 
carrying  the  admixed  sulphides,  sphalerite,  pyrite.  and  galena.  When  the 
locality  was  visited  by  the  writers  the  shaft  had  been  filled,  hut  pieces  of 
the  ore  said  to  have  been  taken  from  the  vein  were  found  near  the  old 
shaft.  The  ore,  as  indicated  by  these  fragments,  is  composed  largely  of 
fine-granular,  light  brown  sphalerite,  admixed   with  a  little  pyrite,  and 
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perhaps  galena  in  quarts  gangue.  The  quartz  contaiiiB  Bmall  cavities  in 
which  there  are  a  few  imperfectly  formed  quartz  crystak.  The  vein  is 
probably  too  Bmall  to  be  of  commercial  value. 

Galena. — Near  the  top  of  the  ridge,  2.25  miles  southeast  of  Massie's 
Mill,  a  quartz  vein  is  exposed  on  the  side  of  an  old  caved  tunnel.  It  ia 
lenticular  in  shape  varying  from  about  one  foot  at  the  surface  to  four  feet 
at  a  depth  of  15  feet;  dip  is  70°  S.  50"  E.  It  is  reported  to  cany  galena 
but  only  a  little  oxidized  pyrite  could  be  found  in  the  quartz  on  the  dump. 
A  number  of  pieces  of  white  quartz  carrying  galena  have  been  found  on 
the  ridge  half  a  mile  to  the  southwest.  It  is  not  likely  that  these  deposits 
are  of  any  economic  value. 

Graphite. — Graphite  occurs  in  limited  amount  in  most  of  the  rocks  and 
at  many  places  in  the  area.  A  small  vein  of  graphite  is  reported  to  have 
been  opened  on  the  west  side  of  Kat  Creek,  2  miles  above  Bryant,  but  the 
pits  were  filled  when  the  district  was  visited  by  the  writers.  The  largest 
quantity  of  graphite  was  found  in  the  General  Electric  Company's  mine 
and  in  the  rocks  in  that  vicinity,  particularly  on  Allen  Creek.  These 
occurrences  are  described  in  part  on  pages  229-230.  A  thin  section  cut  from 
the  hand  specimen  taken  from  a  rock  composed  chiefly  of  graphite  and 
pyrite,  found  on  the  north  bank  of  Allen  Creek,  indicates  that  the  two 
minerals  are  in  intimate  relationship.  Pyrit«  is  more  abundant  than 
graphite,  which  is  distributed  through  the  pyrite  in  irregular  areas  of  vary- 
ing size,  and  as  stringers  and  flakelike  masses.  The  relations  are  somewhat 
uncertain  of  exact  interpretation  but  the  pyrite  is  possibly  later  than  the 
graphite.  It  is  doubtful  if  any  of  the  graphite  occurs  in  quantities 
sufficiently  concentrated  to  pay  for  working. 

Kaolin. — Kaolin  is  one  of  the  important  mineral  resources  of  the 
district  and  must  be  considered  in  any  economic  report  on  the  area,  but 
in  this  bulletin  it  will  not  be  possible  to  give  more  than  a  brief  description 
of  its  occurrence,  the  detailed  statement  being  reserved  for  a  future  publi- 
cation of  the  State  Survey  on  the  clay  deposits  of  the  Piedmont  Plateau 
province. 

All  clays  fonnd  within  this  area  are  residual  clays  resulting  from  the 
decomposition  of  rock  in  place.  The  iron-bearing  minerals  of  the  syenite 
are  segregated  near  the  borders  of  the  area,  leaving  the  central  portions 
essentially  free  from  such  minerals,  as  is  shown  by  the  white  clay  soil, 
which  is  a  very  conspicuous  feature  in  a  region  where  red  clays  are  the 
rule.  Quartz  is  not  ao  prominent  a  constituent  of  the  syenite  composing 
much  of  the  central  area,  and  over  large  sections  it  is  only  present  in  very 
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small  quantity.  Auger  borings  were  made  in  several  places  and  samples 
obtained  that  were  free  from  grit  and  very  plastic.  Some  of  this  kaolin 
is  suitable  for  the  manufacture  of  white-ware  products  and  with  better 
transportation  facilities  should  prove  of  great  economic  importance  as  the 
quantity  is  unlimited. 

In  1890,  the  Pittsburg  Kaolin  Company"  began  mining  kaolin  from  open 
cuts  on  the  west  side  of  Possum  Trot  Branch  about  one  mile  a  few  degrees 
west  of  north  from  Roseland  Post-ofBce.  A  mill  was  erected  at  a  reported 
cost  of  $50,000  for  preparing  the  product  for  market,  which  was  used  as  a 
filler  in  the  manufacture  of  paper.  Operations  extended  over  a  period  of 
about  5  years  when  they  were  suspended  on  account  of  litigation  among 
the  stockholders,  and  have  not  been  resumed  since. 

HINERALB  OCCCBRIlfQ  BEYOND  THE  L1UIT8  OF  THE  HAPPED  ABEA. 

Allanite  and  sipi/liie. — The  rare  minerals  allanite,  a  silicate,  and  sipy- 
lite,  a  niobate  of  the  rare-earth  metals,  have  been  found  in  some  quantity  on 
the  Friar  Mountain  near  Finey  Biver  about  4  miles  northwest  of  Lowes- 
viUe.  Very  little  exploration  work  has  been  done  but  the  minerals  are 
found  associated  with  pegmatite  dikes.  They  are  of  little  value  except 
for  their  rarity  and  are  mostly  sold  to  museums  and  mineral  dealers. 

Our  knowledge  of  the  Amherst  County,  Virginia,  sipylite  is  due  to 
the  careful  investigations  of  Dr.  J.  W.  Mallet,*  who  described  the  mineral 
as  occurring  at  the  northwest  slope  of  Little  Friar  Mountain,  adhering 
to  and  imbedded  in  allanite.  An  analysis  of  the  mineral  from  this  locality 
by  W.  G.  Brown  is  given  in  Dana's  System  of  Mineralogy  (page  731). 

Casdterite  (tin  ore). — The  Irish  Creek  tin  area  of  Bockbridge  County 
is  located  about  10  miles  west  of  the  area  mapped  and  described  in  this 
report.  Cassiterite  (tin  ore)  occurs  principally  in  greisen  veins,  which 
traverse  the  inclosing  granite  in  all  directions,  and  have  steep  but  varying 
dips.  The  veins  are  usually  narrow,  measuring  as  a  rule  less  than  a  foot 
in  thickness,  although  a  width  of  several  feet  has  been  noted.  The  asso- 
ciated minerals  include  wolframite,  arsenopyrite,  pyrite,  and  beryl.  In 
addition  to  these  siderite,  limonite,  chlorite,  muscovite,  damourite,  and 
fluorite  have  been  reported. 


sWAtion,  Thomag  L.,  Mineral  Resources  of  Virginia,  1907,  p.  172. 

»Mallet,  J.  W.,  Amer.  Jour.  Sci„  1877,  vol.  14,  p,  397;    ibid.,  1887,  vol.  22,  p.  5 
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Fermginons  Conglomerftte. 

Boulders  of  ferrugiDous  coDglomerate  were  fouod  at  two  places  within 
the  area  mapped;  one  locality  ia  100  yards  north  of  Maple  Ran  and  i 
miles  southeast  of  Lowesville,  the  other  is  1.25  miles  east  of  Boee  TJnioD, 
near  Tye  River,  but  about  30  feet  above  the  lowlands  bordering  the  riviT. 
In  both  places  the  conglomerate  consists  of  gravel  subangular  to  rounded, 
ranging  up  to  3  inches  or  more  in  diameter,  and  firmly  cemented  together 
by  limonite  which  has  been  deposited  around  the  sand  and  gravel.  The 
larger  pieces  of  gravel  are  derived  from  the  syenite  and  contain  feldspar 
and  blue  quartz.  The  smaller  fragments  are  more  angular  in  shape  and 
consist  for  the  most  part  of  blue  quartz,  ilmenitc,  and  a  little  rutile. 


sdbyGoOgle 


GEOLCXiY  OF  THE  ORE-DEPOSITS  OF  THE  ROANOKE 
COUNTY  AREA. 

LOCATION  AND  TOPOOKAFHT. 

The  Roanoke  ilmenite-apatite  area"  is  located  in  Roanoke  County  about 
2  miles  east  of  Vinton  and  4  miles  east  of  Roanoke  City,  as  shown  on 
the  accompanying  map,  fig.  19.     It  lies  on  the  basal  slope  and  near  the 


ConHrtir  Intn-v^  100  re« 
Fig.   18. — Topographic  map  of  a  part  of  Roanoke  County,  Virginia,  showing  location 
of  nelsonite  dikes  4  milea  east  of  Roanoke  City.     (B»>*e»l  on  the  Roanoke  sheet 
of  the  U.  S.  Geol.  Survey.) 

oThe  first  publislied  statenient  < 
though  brief,  was  by  the  senior  wri 
pp.  301-302. 
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foot  of  the  Blue  Bidge  on  the  northwesteni  or  Valley  side  at  an  elevation 
of  about  1,100  feet  above  sea-level,  and  just  north  of  where  Roanoke  Biver 
breaks  through  the  mountains. 

East  of  the  area  the  country  is  roughly  mountainous,  rising  in  placee 
to  an  elevation  of  more  than  S,500  feet,  and  is  cut  by  many  small  streams 
which  drain  southward  into  the  river,  but  toward  the  west  there  stretches 
a  broad  valley  formed  by  the  river  and  several  large  creeks  that  flow  into  it 
Map,  lig.  IS),  gives  a  good  general  idea  of  the  topography  of  the  area, 

HISTOBY  AND  SEVELOFKEITIS. 

According  to  Mr.  Horace  M.  Engle,"  of  Boanoke,  Virginia,  the  occur- 
rence of  ilmenite-apatite  bodies  (nelsonite)  in  the  Boanoke  County  area 
was  probably  first  noted  by  local  parties  about  1890.  Some  shallow  open- 
ings were  reported  made  and  some  of  the  ilmenite-rich  ore  was  submitted 
to  one  of  the  Roanoke  iron  furnaces,  but  waa  rejected  because  of  its  low 
iron  content  and  high  phosphorus.  Later,  additional  prospecting  waa  done 
on  several  farms  within  the  area  under  the  direction  of  Mr.  Engle,  who 
has  devoted  some  time  to  the  investigation  of  the  material.  When  visited 
and  examined  by  the  writers  very  little  information  of  value  conld  be 
obtained,  since  the  shallow  openings  were  of  some  years  standing  and  had 
badly  caved.  Sufficient  development  work  has  not  been  done  on  which 
to  base  a  definite  statement  as  to  the  extent,  especially  depth,  of  the  ore- 
bodies.  Like  the  Nelson  County  ilmenite  nelsonite  bodies,  those  of  the 
Boanoke  County  area  show  rather  wide  variation  in  the  proportion  of  the 
two  principal  ore  minerals,  ilmenite  and  apatite. 

OEOLOGY  AND  PETROOBAFHT. 

OEKEKAL  STATEMENT. 

The  ilmenite-apatite  deposits  lie  wholly  within  the  crystalline  rocks 
of  the  Blue  Ridge,  and  at  a  distance  of  about  1.5  miles  from  their  contact 
with  the  Shenandoah  limestone  of  Cambro-Ordovician  age,  which  is  traced 
through  Vinton  in  a  northeast-southwest  direction. 

The  rocks  of  the  area  are  in  an  advanced  stage  of  decay  from  weathe^ 
ing,  and  exposures  are  rare.  The  development  work  accomplished  does 
not  penetrate  below  the  depth  of  rock  decay.  These  conditions  make  it 
impossible  to  accurately  map  the  various  rock  formations,  but  the  data 


oPersooal  communication  Aug.  19,  1912. 
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obtainable  are  sufficiently  definite  to  permit  of  drawing  general  coDcluBions 
as  to  their  probable  mode  of  occurrence  and  genesis. 

The  rocks  in  the  immediate  vicinity  of  the  ilmenite-apatite  deposits 
are  holocrystalline  even-granular  to  porphyritic  in  texture,  ranging  from 
moderately  coarse-grained  in  the  syenite  and  pegmatite  to  very  fine-grained 
in  some  of  the  nelsonites.  They  are  igneous  in  origin,  are  intensely  meta- 
morphosed, and  are  divisible  into  a  nnmber  of  types  which  show  a  close 
genetic  relationship  lite  those  composing  the  Amherst-Nelson  coontiee 
mtile  area.  While  the  processes  of  rock  differentiation  and  intrusion 
appear  to  have  been  similar  in  the  two  areas,  the  original  magmas  were 
probably  different  in  composition,  for  they  have  given  rise  to  rocks  that 
aside  from  their  ilmenite  and  apatite  contents,  show  important  differences 
in  mineral  composition.  In  both  areas  the  rocks  show  the  effects  of  intense 
metamorphism  in  the  development  of  a  foliated  or  gneiesic  structure,  but 
notable  differences  are  observed  in  the  development  of  unlike  secondary 
minerals.  In  the  Amherst-Nelson  counties  area  hornblende  is  of  general 
occurrence  as  a  secondary  mineral,  while  in  the  Roanoke  County  area  though 
fome  secondary  hornblende  is  present,  epidote  is  exten-ivcly  developed  in 
many  of  the  rocks. 

PEDTCIPAL  EOCK  OKOVTB. 

Named  in  the  probable  order  of  their  differentiation  the  principal  rock 
types  of  the  Roanoke  area  are:  (1)  Hyperethene-quartz  syenite  closely 
similar  to  akerlte,  (Z)  pegmatite  partly  altered  to  a  rock  of  unakite  com- 
position, (3)  nelsonite,  and  (4)  diabase.  These  are  described  below  in  the 
order  named.  The  rock  types  (3)  and  (3)  may  in  places  have  been  approxi- 
mately contemporaneous  in  formation,  but  this  is  inconchisive,  since  tlie 
geologic  relations  were  largely  obscured  by  the  depth  of  rock  decay  and 
the  scarcity  of  exposures. 

Hypersthene-dnRrtz  Syenite 

Oeneral  character. — Of  the  four  principal  rock  t\'pen  identified  in  the 
Roanoke  County  area  h^'perstbene-quartz  syenite  is  the  most  extensive. 
It  forms  the  country  rock  surrounding  the  ilmenite-apatite  bodies  and  is 
cut  by  all  the  other  intrusives.  It  is  a  medium  greenish-gray  rock  of 
coarse-grained  texture  ranging  from  even-granular  to  porphyritic,  the 
former  (granitoid  texture)  predominating,  and  is  usually  gneissic  in 
structure. 
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In  the  several  specimens  showing  porphyritic  texture  orthoclase  is  tbe 
porphyritically  developed  mineral,  the  phenocrysts  averaging  about  3  cm. 
in  length  and  twinned  on  the  Carlsbad  law.  Schistosity  was  not  apparent 
in  all  the  hand  specimens.  Megascopically  orthoclase  and  plagioclue 
feldspars,  pyroxene,  and  some  quartz  were  identified.  Biotite  is  usoillj 
present  in  small  flakes  and  garnet  is  often  abundant.  Graphite  and 
ilmenite  were  observed  in  several  hand  specimens. 

Microscopic  character. — Under  the  microscope  the  rock  is  found  in  til 
cases  to  contain  potash  feldspar  (orthoclase  and  microcline)  and  sodaolime 
feldspar  (near  andeeine),  pyroxene  (hypersthene),  quartz,  and  ihnenite 
or  magnetite.  Other  minerals  which  are  present  in  most  but  not  in  all 
thin  sections  are  biotite,  apatite,  and  titanite,  together  with  the  secondary 
minerals  hornblende,  kaolin,  and  ferrite  (iron  oxide  stain). 

Feldspar  is  the  moat  abundant  constituent  and  is  composed  of  dominaoi 
orthoclase  sometimes  intergrown  with  a  second  feldspar  probably  albite 
as  microperthite,  usually  a  little  microcline,  and  much  plagioclase  whiKe 
extinction  angles  correspond  closely  to  andesine-oligoclase  in  composition. 
The  feldspars  exhibit  both  poikilitic  and  granophyric  t«xtnree,  and  are 
twinned  on  the  albite  and  occasionally  the  Carlsbad  laws.  Zonal  structure 
was  not  observed.  Granophyric  texture  is  developed  both  in  orthoclase  and 
plagioclase  intergrown  with  quartz.  The  feldspar  shows  some  alteration 
to  minute  scales  of  kaolin  more  or  less  discolored  from  iron  oxide. 

Pyroxene,  the  next  constituent  of  importance,  varies  in  amount  for 
the  thin  sections  studied.  It  is  the  orthorhombic  variety  hypersthene  and 
occurs  usually  in  irregular  plates  of  prismatic  habit,  exhibiting  the  asmil 
pleochroism  and  cleavage,  and  is  partly  altered  to  fibrous  pale  green  horn- 
blende. Biotite,  usually  present  in  the  hand  specimens,  is  not  shown  in 
every  thin  section.  It  is  developed  in  small  shreds  of  brown  color,  stronglr 
pleochroic,  and  exhibits  the  usual  perfect  basal  cleavage. 

Quartz  in  all  the  thin  sections  studied  is  developed  in  varying  amount 
as  formless  grains  of  variant  size.  It  usually  exhibits  slight  optical  distudy 
ance  from  strain  effects  but  granulation  is  seldom  noticeable. 

Ilmenite  or  magnetite  ia  always  present  but  in  greatly  varyiog  amounts. 
It  is  generally  developed  in  smaller  masses  than  the  principal  constituents 
already  mentioned.  Apatite  occurs  both  as  inclusions  in  the  other  minerals 
and  occasionally  as  separate  larger  individuals.  Sporadic  crystals  of 
titanite  and  pyrite  were  identified  in  several  thin  sections. 

Garnet,  so  generally  present  and  frequently  in  considerable  quntitT 
in  hand  specimens,  was  not  identified  microscopically. 
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Comparison  witk  syenite  of  the  northern  Blue  Ridge,  Virginia. — The 
hypeTsthene-quartz  syenite  of  the  Roanoke  County  area  is  almost  identical 
with  the  coarse-grained  dark  gray  syenite  foond  on  the  west  side  of  the 
Blue  Ridge  in  Greene,  Madison,  and  Warren  connties,  Virginia."  The  rock 
ranges  from  massive  to  schistose  In  structure  and  is  highly  garnetiferous 
in  places.  In  hand  specimens  the  rock  from  the  two  localities  is  indistin- 
guishable; in  thin  sections  they  are  identical  except  that  monoclinic 
pyroxene  (diallage)  is  developed  with  hypersthene  in  the  syenite  area  of 
the  northern  Blue  Ridge. 

According  to  Phalen*  the  unakite-bearing  rock  at  Milam's  Gap,  Madison 
Connty,  Virginia,  is  a  hypersthene  akerite  (hypersthene-quartz-diallage 
syenite),  a  coarse-grained  dark  grayish-green  aggregate  consisting  es- 
sentially of  feldspars  and  black  pyroxene.  Thin  sections  of  the  syenite 
sliow  the  following  minerals:  Orthoclaae,  plagioclase,  orthorhombie  and 
monoclinic  pyroxene,  quartz,  microcline,  iron  ore,  apatite,  and  zircon,  with 
the  alteration  products  epidote,  chlorite,  and  serieite.  Hornblende  is 
essentially  absent  in  the  tiiin  sections. 

An  analysis  of  the  syenite  from  the  Roanoke  County  area  was  not  made, 
but  since  the  rock  is  essentially  identical  with  thst  from  the  northern 
Blue  Ridge  area,  the  analysis  made  by  Phalen  on  specimens  of  the  syenite 
from  Milam's  Gap  is  given  below  to  indicate  the  general  composition  of 
the  Roanoke  County  rock. 

Analysis  of  hypersthene  akerile  (hypersthene-quartz-diallage  syenite) 

from  Milam's  Gap,  Virginia. 

(W.  C.  Phalen,  Analyil.) 

Per  cent. 

SIO,"   60.52 

A1,0,    ie.99 

Fe,0,    0.60 

FeO    e.-W 

MgO    1.59 

CaO   4.58 

Na.O  2.83 

K,0   3.91 

H,0 0.88 

P.O.    0.74 

MnO    0.25 

Cr,0,    Trace 

ZrOi    Trace 

Total  99. J2 

•Incloding  TiO,. 

aWatiwn,  Thomnn  L..  Mineml  Re<4nurc«4  of  Virginia,   1007.  p.  S2. 
BPhal^n,  W.  C,  A  New  Opcurrence  of  L'nakite,  Smithsonian   Misc.  Coll.,   1B04, 
vol.  45,  pp.  306-3in. 
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In  the  "Quantitative  Syatem"  this  rock  falls  into  class  II  (doealuie), 
order  4  (quardofelic),  rang  3  (alkalicalcic),  and  subrang  3  (sodipotassic) . 
It  is  designated  b;  the  sabrang  name  harzose,  and  ita  position  may  be 
expressed  aa  follows: 

Symbol  Name 

n.  4.  3.  3.  Harzose 

Pegmatite  Partly  of  Unakite  Composition. 

While  well-defioed  pegmatite  dikes  traceable  at  the  surface  were  not 
observed,  due  very  likely  to  the  extensive  surface  decay  of  the  rocks,  several 
specimen B  collected  from  different  localities  within  the  area,  strongly 
suggest  their  pegmatitic  derivation.  The  general  character  of  theee  is  best 
indicated  by  separate  detailed  descriptions  which  follow  below. 

Specimen  333  was  taken  from  a  prospect  pit  in  the  bluff  below  the 
county  road  about  1.5  miles  west  of  Vinton.  It  is  a  coarsely  crystalline 
rock  composed  essentially  of  bright  green  epidote,  pink  orthoclase  feldspar, 
and  clear  white  quartz,  with  a  few  scattered  grains  of  pyrite.  The  speci- 
men is  considerably  weathered  and  the  feldspars  are  partly  kaolinized.  The 
rock  was  probably  derived  from  a  pegmatite  through  epidotization  of  the 
feldspar,  for  though  greatly  altered  it  still  shows  hexagonal  prisms  of 
quartz,  and  intergrowths  of  quartz  and  feldspar.  The  average  size  of  tiie 
individual  minerals  is  f^ut  0.6  cm. 

Under  the  microscope  a  thin  section  of  the  rock  showed  the  principal 
minerals  yellow-green  epidote,  quartz,  and  some  orthoclase  together  with  the 
lesser  minerals  biotite  (?),  apatite,  titanite,  the  alteration  product 
leucoxene,  and  microscopic  inclusions  of  rutile.  The  general  character  of 
the  epidote  indicates  that  it  is  of  secondary  origin.  It  is  developed  in  small 
granules  and  larger  platy  forms  of  prismatic  habit,  and  is  noticeably 
pleochroic.  Titanite  shows  its  usual  characteristic  crystal  form  in  cross 
sections.  Quartz  exhibits  strain  shadows,  shows  some  granulation,  and 
contiiJns  microscopic  crystals  of  dark  red  rutile.  Biotite  is  present  in  small 
amount  and  is  considerably  altered.  Apatite  is  developed  chiefly  in  larce 
elongated  forms. 

Specimen  241  was  broken  from  a  piece  of  float  about  half  a  mile  north- 
east of  the  one  last  described  (Spec.  238).  It  is  a  light  blue  qnarti 
probably  of  pegmatitic  origin,  for  it  contains  small  stringers  and  lenses  of 
intergrown  kaolinized  feldspar.  Microscopically  a  thin  section  of  the  rock 
showed  it  to  be  composed  essentially  of  quartz  intergrown  with  stringers 
of  feldspar  altered  to  minute  scales  of  kaolin.     The  quartz  exhibits  pro- 
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Dounced  vavy  extinctiOD  and  contains  abundant  inclusions,  the  principal 
ones  of  which  are  irregnlar,  minute,  dark  dustlike  particles,  a  few  rntile 
needles  and  crystals,  and  a  greenish  mineral  of  larger  size  and  altered,  the 
eiact  natnre  of  which  was  doubtful. 

Hdsonite. 

General  statement. — Xelsonite  is  developed  in  numerous  dikelike  bodies 
in  hypersthene  syenite  within  the  small  area  studied.  Accurate  obeerva- 
tions  on  the  size  and  shape  of  the  masses  and  of  their  geologic  relations  to 
the  inclosing  rock  were  rendered  difficult  on  account  of  the  residual  rock 
decay,  exposures  of  fresh  rock  not  being  observed.  The  many  shallow 
proBpect  openings  made  on  the  neleonite  bodies  about  8  years  ago  were 
largely  filled  at  the  time  of  the  field  examination  in  September,  1910, 
hence  their  geologic  relations  were  largely  obscured.  Sufficient  data  were 
procured,  however,  to  indicate  that  the  nelsonites  have  close  similarity 
in  form  and  mode  of  occurrence  to  those  of  the  Amherst- Nelson  conntiea 
ares  described  on  pages  100-155. 

Megascopic  character. — The  nelsonite  of  the  Boanoke  County  area  is 
very  dark  gray  nearly  black  in  color,  fine-grained  and  porphyritic  in  t«sture, 
and  usually  foliated  in  structure.  Apatite  is  the  porphyritically  developed 
mineral  which  occurs  in  phenocrj'sta,  sometimes  exhibiting  good  crystal 
form,  and  ranging  up  to  4  or  5  cm.  in  diameter.  The  rock  usually  ahovs 
alteration  from  weathering,  and  some  surface  specimens  exhibit  the  char- 
acteristic pitting  from  the  removal  of  apatite  by  solution. 

The  general  direction  of  strike  of  some  of  the  bodies,  determined  from 
float  and  prospect  openings,  was  X.  60°  to  70°  E.  By  this  means  one  of 
the  nelsonite  bodies  was  traced  on  the  surface  for  a  distance  of  more  than 
a  quarter  of  a  mile,  while  most  of  them  could  be  traced  for  only  short 
distances.    The  greatest  width  observed  was  about  50  feet. 

Mineralogically  the  rock  belongs  to  the  ilmenite-apatite  variety  of 
nelsonite,  mtile  not  being  observed  either  in  hand  specimens  or  in  thin 
sections  except  as  occasional  inclusions  in  other  minerals.  Epidot«,  biotite, 
and  .chlorit«  are  frequently  present,  the  former  sometimes  in  considerable 
quantity,  while  feldspar  is  less  often  observed.  Other  minerals  not  apparent 
in  hand  specimens  are  identified  in  thin  sections  under  the  microscope. 
The  frequent  presence  of  epidote,  sometimes  in  large  quantity  in  the  nel- 
sonite bodies  of  this  area,  is  a  characteristic  feature  not  shown  in  those  of 
the  Amherst- Nelson  connties  area. 
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The  DelsonJte  float  in  this  locality  varies  much  iD  appearance:  iwine 
of  it  exhibits  porphyritic  texture  and  is  composed  entirely  of  apatite  and 
ilmenite,  while  other  pipcea  show  la^  amounts  of  secondary  epidote  aii<l 
chlorite.  Much  of  tlie  ilmenite  is  altered  to  limonite  and  some  large  pieces 
of  nearly  pure  limonite  tt'ere  found.  The  ilmenite  of  this  area  apparent!* 
alters  to  lintoDJte  more  readily  than  that  of  the  Amherst -Xel son  counties 
area,  and  it  is  usually  more  strongly  magnetic. 

Microscopic  character. — The  microscopical  petroKrapliy  of  the  nel«initf 
in  the  Roanoke  County  area  is  comparatively  simple,  and  as  stated  above 
it  belongs  to  the  ilmenite-apatite  variety  of  the  rock.  Every  thin  section 
examined  revealed  the  presence  of  several  silicate  minerals  in  addition  m 
the  principal  ore  minerals,  ilmenite  and  apatite.  The  list  of  silicate 
minerals  is  fairly  large,  but  not  all  of  them  occur  in  any  one  of  the  thin 
sections  and  several  are  very  sparingly  developed.  The  proportion  of  ore 
minerals  to  silicate  minerals  is  variable,  with  the  former  predominant. 
Likewise  the  ratio  of  the  ore  minerals,  ilmenite  and  apatite,  is  variable, 
altliough  for  the  thin  sections  studied  ilmenite  is  usually  in  excess  of 
apatite.    Some  specimens,  however,  show  apatite  to  be  in  excess  of  ilnienil. , 

Microscopically  the  nelsonite  is  composed  of  ilmenit«  and  apatite  as 
the  principal  constituents,  with  a  little  unstrtated  feldspar,  sometimes  much 
biotite,  occasional  quartz,  and  in  one  thin  section  hornblende  and  lea? 
pyroxene.  Much  secondary  epidote  is  developed  tlie  exact  derivation  of 
which  is  in  doubt.  It  has  probably  been  derived  in  part  at  least  by  the 
interaction  of  ferromagnesian  minerals  and  feldspar,  although  its  intimate 
association  at  times  with  apatite  suggests  that  the  alteration  of  this  mineral 
has  entered  possibly  in  part  into  the  formation  of  epidote.  The  alteration 
products  of  ilmenite  and  apatite,  leucoxene  and  ost«olite,  are  developed  to 
a  limited  extent.  Hydrous  oxide  of  iron  as  a  yellowish-brown  stain  is  freely 
developed  from  the  alteration  of  the  iron-bearing  minerals,  chiefly  ilmenite. 
Pyrite  occurs  but  by  no  means  so  abundantly  as  in  the  nelsonites  of  tlie 
Amherst- Nelson  counties  area. 

The  relations  of  ilmenite  and  apatite  to  each  other  suggest  their 
probable  approximate  contemporaneous  formation.  In  some  thin  section-i 
tlie  two  minerals  exhibit  the  relations  of  intcrgrowths ;  in  others  ilmenite 
contains  inclosures  of  apatite,  and  apatite  sometimes  carries  inclusions  of 
ilmenite.  The  stronger  tendency  of  apatite  to  develop  crystal  outline 
suggests  that,  in  some  cases,  it  probably  crystallized  slightly  in  advance  of 
ilmenite. 
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ISDITIDCAL   DESCKIPTIOS. 

On  the  Bnsh  farm  1.5  miles  east  of  VintOQ  several  nelsonite  dikes  have 
been  located.  One  of  these  is  on  the  hiil  about  50  feet  south  of  the  county 
road.  Much  float  was  found  extending  for  a  distance  of  about  250  vard^ 
in  a  direction  N.  60°  E.  Several  prospect  pits  were  sunk  along  the  line 
of  this  dike  but  had  filled  prior  to  the  field  examination  in  September,  IfilO. 
Three  specimeus  (229,  230,  and  231)  were  selected  from  the  freshest 
material  obtainable.    These  three  specimens  are  separately  described  below. 

Specimen  229  is  a  porplnTitic  nclsonite  exhibiting  foliated  structure. 
It  consists  of  numerous  phenocrii'sts  of  white  apatite  imbedded  in  a  xery 
fine-grained,  bluish-gray  ground-mass  of  chiefly  ilmenite.  The  apatite 
crystals  are  for  the  most  part  drawn  out  into  thin  t>ands  1  cm.  or  more  in 
length,  3  to  3  mm.  wide,  and  only  a  fraction  of  1  nun.  in  thickness.  .\ 
greenish- brown  secondarv-  mineral  probably  epidote  is  present  in  irregular 
branching  streaks.  Microscopically  the  rock  is  composed  of  ilmenite. 
apatite,  unstriated  feldspar  probably  ortlioclase,  and  titanitc,  together  with 
secondary  epidote,  leucoxene,  and  iron  oxide  staining.  Ilmenite  and  apatite 
show  the  same  relations  as  described  below  under  specimen  231.  The 
feldspar  exhibits  wavy  extinrtion  and  slight  granulation,  and  contains 
inclusions  of  probable  ilmenite. 

Specimen  230  is  a  porphyritic  nelsonite.  The  apatite  phenocrvsts  are 
prismatic  in  habit,  sometimes  exhibiting  good  crystal  form,  and  range  up 
to  3  mm.  in  width  and  1  cm.  in  length.  They  are  imbedded  in  a  ground 
mass  of  bluish-black  ilmenite  inclosing  numerous  small  grains  of  apatite 
which  show  occasional  hexagonal  cross-sections.  The  large  apatite  crv-stals 
are  partly  decomposed  and  removed  by  solution,  but  a  few  of  the  smaller 
ones  are  fairly  fresh.  A  little  altered  biotite  is  present.  Where  long 
exposed  to  weathering  the  rock  surface  becomes  dark  brown  from  the  pro- 
duction of  limonite  and  deeply  pitted  by  the  removal  of  apatite.  Under 
the  microscope  a  thin  section  of  the  rock  shows  the  principal  minerals  to 
be  ilmenite  and  apatite  chiefly,  much  biotite,  some  titanite,  and  a  few 
grains  of  unstriated  feldspar,  together  with  much  epidote  associated  usually 
with  the  apatite,  some  leucoxene,  osteolite,  and  iron  oxide  as  stain. 
Ilmenite  contains  inclosures  of  apatite,  and  apatite  carries  inclusions  of 
ilmenite  some  of  which  exhibit  crystal  boundaries.  The  biotite  folia  are 
considerably  bent,  show  strong  absorption  and  good  cleavage,  and  are  partly 
altered  to  chlorite  and  epidote.    The  thin  section  is  greatly  altered. 

Specimen  231  is  similar  to  229.  but  has  undergone  more  alteration, 
the  ilmenite  having  changed  largely  to  limonite.     Microscopically  a  thin 
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section  shows  ilmenitt  and  apatite  to  be  the  principal  minerals  with  mncb 
secondary  epidote  and  a  little  leacoxene.  Ilmenite  and  apatite  show  t)i« 
same  relations  as  described  above  under  specimen  230.  Along  the  margin 
of  a  part  of  the  apatite  and  extending  towards  the  centet-  of  indiriduals, 
the  two  minerals  strongly  exhibit  the  relations  of  intergrowthe,  bnt  more 
often  the  apatite  is  crowded  with  skeletal  ilmenite  inclusionti. 

About  a  quarter  of  a  mile  southeast  of  the  nelsonite  bodies  described 
above  occur  two  or  more  dikes  on  which  some  prospecting  has  been  done. 
The  larger  of  these  could  be  traced  for  more  than  a  quarter  of  a  mile 
in  a  direction  N.  65°  E.,  and  in  one  of  the  surface  croes-euts  it  was  exposed 
for  a  maximum  width  of  about  50  feet.  It  is  a  gray  rock  containing  apatite 
as  the  dominant  mineral  in  grains  ranging  up  to  2  mm.  in  diameter,  with 
some  chlorite  and  very  little  ilmenite.  A  smaller  dike  (Spec.  245)  that 
appears  to  nearly  parallel  the  larger  one  is  a  &ne-grained,  dark  bluish-gray 
neieonite.  A  thin  section  of  this  rock  under  the  microscope  shows  it  to  be 
very  fine-grained  in  texture,  and  composed  essentially  of  ilmenite  and 
apatite,  a  little  biotite,  and  a  sprinkling  of  quartz.  The  relations  of  the 
apatite,  ilmenite,  and  quartz,  suggest  nearly  simnltaneous  crystallization, 
the  evidence  for  this  consisting  chiefly  of  mutual  inclosure  and  penetration 
of  the  three  minerals.  Apatite  shows  some  alteration  and  contains  dust- 
like inclusions  of  probable  ilmenite.  Quartz  carries  inclusions  of  rutile 
in  grains  and  crystals  and  exhibits  some  optical  disturbance  from  the  effects 
of  dynamic  forces.  The  few  shreds  of  light  brown  biotite  display  the  usual 
pleochroism  and  cleavage.  Several  crystals  of  titanite  were  noted,  and 
a  sprinkling  of  deep  red  crystals  of  squarish  outline  occur  which 
suggest  secondary  rutile.  The  thin  section  is  freely  discolored  from  iron 
oxide  staining.     (See  PI.  XXXV,  fig.  1.) 

About  100  feet  north  of  the  dikes  first  described  (Spec.  229  to  231) 
is  another  (Spec.  233)  that  is  similar  and  approximately  parallel,  expoeed 
along  the  steep  slope  below  the  north  side  of  the  road.  A  number  of 
prospect  pits  and  ditches  have  been  opened  along  the  course  of  the 
dike  and  there  are  several  large  outcrops  indicating  a  maximum  width  of 
about  30  feet.  A  specimen  of  the  rock  taken  from  this  dike  (Spec.  233)  is 
composed  of  apatite  in  grains  about  1  mm.  in  diameter,  some  of  which 
show  hexagonal  cross-sections,  with  hornblende,  epidote,  and  ilmenita 
filling  the  interstices.  Epidote  also  occurs  in  more  or  less  lenticnlu-  masses 
3  to  4  cm.  in  length,  and  a  small  amount  of  pyrite  is  present.  Under  the 
microscope  thin  sections  of  this  rock  show  it  to  be  composed  of  apatite, 
ilmenite,  hornblende,  a  few  pieces  of    pyroxene,  an    occasional    grain  of 
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Fig.  2. — Epidote-bearins  ilmenite  nelsonite,  showing  apatite  flight  nearly  white 
areas),  ilmpiiite  Ibluck  areas),  and  epidote  {medium  dark  arensl.  Nicols 
crossed.     Enlarged  30  diameters.     Specimen  No.  233. 
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titanite,  together  with  much  secondary  epidote  and  some  leucoxene.  The 
two  thin  sections  are  greatly  altered  and  stained  from  the  presence  of 
much  free  hydrous  oxide  of  iron  derived  in  part  from  the  oxidation  of 
pyrite.  Several  shreds  of  light-colored  mica  were  identified.  Apatite 
shows  a  noticeable  tendency  toward  hexagonal  outline  and  was  probably 
the  first  mineral  to  crystallize  from  the  magma.  Hornblende  is  developed 
in  irregular  platy  forms,  a  part  of  which  is  bloiah-green  and  pleochroic, 
frequently  displaying  both  cleavages;  the  remainder  is  the  bluish  "reed3'" 
form  and  is  certainly  secondary.  It  is  entirely  probable  that  none  of  the 
hornblende  is  original  or  primary.  Pyroxene  is  leae  abundant  than  horn- 
blende from  which  it  can  be  distinguished  only  by  parallel  extinction 
because  of  discoloration  from  the  development  of  iron  oxide.  Epidote  of 
pronounced  pleochroism  is  abundantly  developed  in  grains  and  platy  forms, 
the  latter  often  exhibiting  good  cleavage.  This  mineral  is  secondary  and, 
as  a  rule,  occupies  distinct  areas  but  it  is  frequently  closely  associated  with 
the  hornblende.  Plate  XXXV,  figs.  2  and  3,  shows  microphotographs  of  the 
two  thin  sections  of  thia  rock. 

About  a  quarter  of  a  mile  northeast  of  the  nelsonite  dike  last  described 
(Spec.  S33)  is  another  (Spec.  243)  the  strike  of  which,  as  exposed  by  a 
number  of  surface  openings,  is  approximately  N".  67°  E.,  and  the  length 
not  less  than  200  yards.  The  rock  is  composed  of  white  apatite  ranging 
from  grains  almost  microscopic  in  size  up  to  those  (phenocrysts)  4  or  5 
em,  in  diameter,  bluish-black  ilmenite,  and  a  little  chlorite  or  altered 
biotite.  Some  of  the  apatite  shows  roughly  hexagonal  outline.  Studied 
in  thin  section  under  the  microscope  the  principal  minerals  are  ilmenite 
and  apatite,  with  some  biotite  and  secondary  epidote,  a  single  grain  of 
quartz,  and  much  free  hydrous  oxide  of  iron  as  stain.  Ilmenite  and  apatite 
show  the  usual  relations,  that  ia,  the  latter  exhibits  a  marked  tendency 
toward  crystal  outline,  is  partly  inclosed  by  the  ilmenite,  and  probably 
crystallized  in  advance  of  the  ilmenite.     The  apatite  ia  greatly  altered. 

On  the  Hutcbins  farm  about  600  yards  farther  north  much  nelsonite 
float  is  found  (Specs.  235  and  239),  indicating  the  presence  probably  of  a 
large  dike,  but  no  development  work  has  been  done  and  there  are  no  out- 
crops. A  stone  wall  in  the  vicinity  is  constructed  largely  of  the  nelsonite 
float.  In  a  gully  near  this  point  an  occurrence  of  nelsonite,  in  residual 
soil  derived  from  the  country  rock  (syenite),  was  observed  which  had  flie 
appearance  of  a  segregation  rather  than  of  a  true  dike  intrusion,  but  the 
weathering  was  too  great  to  permit  of  drawing  definite  conclusions. 
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Diabase. 

Only  one  diabase  dike  was  observed  within  the  limits  of  the  area,  and 
that  was  In  an  advanced  stage  of  decay  from  weathering.  The  county  road 
crosses  the  dike  about  150  yards  east  of  Mr.  Ilutchins'  dwelling  house. 
The  dike  was  too  much  altered  to  obtain  a  hand  specimen,  but  so  far  as 
could  be  determined  it  presented  no  unusual  features. 

0EHESI8. 

It  will  be  readily  observed  from  the  detailed  descriptions  already  given 
of  the  rock  types  forming  the  small  area  mapped,  that  the  rocks  are  igneous 
in  origin,  and  show  close  genetic  relationships  in  mineral  composition.  The 
writers  consider  them  to  be  differentiation  products  of  a  common  magma, 
formed  in  the  probable  order  given  on  page  237. 

The  relationship  of  the  syenite  and  nelsonite  is  shown  (1)  by  their 
close  association,  and  (2)  by  the  presence  of  similar  minerals  in  each.  The 
two  rocks  differ  from  each  other  mineralogically  more  in  the  proportion 
than  ill-  the  kind  of  minerals  composing  them.  In  general  the  principal 
minerals  in  one  type  make  up  the  minor  accessory  minerals  in  the  other. 
Feldspar,  pyroxene,  quartz,  and  biotite,  are  the  principal  silicate  minerals 
in  the  syenite,  and  each  of  these  has  been  developed,  though  unequally, 
several  very  sparingly,  in  the  nelsonite.  Likewise  the  dominant  minerals, 
ilmenite  and  apatite,  of  the  nelsonites  occur  as  microscopic  aecessorj'  min- 
erals in  the  syenite.  So  account  is  taken  here  of  the  secondary  silicate 
minerals,  epidote,  clilorite,  and  hornblende. 

Unfortunately  the  exact  nature  of  the  contacts  formed  by  the  syenite 
and  nelsonite  could  not  be  determined,  since  they  were  obscured  by  the 
profound  rock  decay  which  mantles  the  entire  area.  It  could  not  be  ascer- 
tained therefore  wlietlier  the  boundaries  between  the  two  rocks  were  usually 
sharp  and  well  defined  or  whether  they  were  largely  gradational.  This  is 
important  since  it  would  greatly  aid  in  determining  whether  the  nelsonite 
bodies  were  intruded  into  the  syenite  after  \hat  ro<>k  had  completely 
solidifi^'d,  or  whether  they  were  formed  earlier  and  are  to  be  regarded  as 
more  closely  akin  to  magmatic  segregations  than  to  true  igneous  intrusions. 

From  the  general  mode  of  occurrence  of  these  masses  in  the  syenite  and 
their  close  similarity  Jo  those  of  the  Amherst -Nelson  counties  area  they 
are  regarded  by  the  writers  as  magmatic  basic  segregations  somewhat 
similar  in  mode  of  origin  to  the  well-known  segregations  of  titaniferons 
magnetite  in  gabhros.     They  represent  differentiations  from  the  magma 
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which  gave  rise  upon  cooling  to  the  syenite  and  other  igneous  rock  types 
in  the  area,  and  in  point  of  time  their  formation  was  probably  approxi- 
mately contemporaneous  with  that  of  the  inclosing  syenite. 


There  are  no  conclusive  data  at  hand  on  which  to  base  a  definite  state- 
ment as  to  the  exact  age  relations  of  the  rocks  fonning  the  small  area 
mapped.  The  rocks  are  all  igneous  in  origin,  are  in  general  intensely  meta- 
morphosed, and  the  area  forms  a  part  of  the  Blue  Ridge  proper.  The 
eastern  edge  of  the  Cambro-Ordovician  sediments  is  removed  only  a  short 
distance  west  of  the  area  and  farther  down  slope.  Bearing  these  facts  in 
mind  and  our  present  knowledge  of  the  Blue  Ridge  in  general,  the  area 
may  be  assigned  provisionally  to  the  pre-Cambrian.  Whether  the  single 
dike  of  diabase  observed  in  the  area  should  be  included,  or  assigned  to  a 
later  period  of  time,  is  doubtful,  since  its  extreme  alteration  from  weather- 
ing rendered  its  exact  nature  difficult  and  uncertain. 


sdbyGoOgle 


GEOLOGY  OF  THE  ORE-DEPOSITS  OF  GOOCHLAND  AND 
HANOVER  COUNTIES. 

LOCATIOK  OF  ETJTILE  DEPOSITS. 

The  recently  discovered  rutile  depoEits  near  the  central-eastem  margin 
of  the  Piedmont  province  in  Virginia,  are  located  in  the  northeastern 
comer  of  Goochland  County  and  in  the  adjacent  extreme  southwestern  part 
of  Hanover  County.  They  are  further  located  on  the  Bowe  and  Broim 
farms  near  Gouldin  and  Waldelock,  Hanover  Connty,  25  miles  northwest 
of  Richmond,  and  on  the  Nuckols  farm  between  Peers  and  Johnson's 
Springs,  Qoochland  County,  17  miles  west  of  Richmond  (aee  map,  Sg.  20). 

The  Hanover  County  depoeitB  lie  about  halfway  between  the  main  line 
of  the  Chesapeake  and  Ohio  railway  on  the  north  and  the  James  Biver 
division  of  the  same  railvray  on  the  south.  They  are  about  13  miles  aearly 
due  south  from  Beaver  Dam  station  on  the  main  line,  and  about  the  same 
distance  northeast  from  Maidens,  a  station  on  the  James  River  division  of 
the  Chesapeake  and  Ohio  railway.  The  nearest  railway  station  to  the 
Goochland  County  deposits,  di^taut  6  to  8  miles  south  of  those  in  Hanover 
County,  ia  Sabot,  on  the  James  River  division,  about  6  miles  south  15''-30° 
west. 

HISTORT. 

The  discover)-  of  rutile  in  Goochland  and  Hanover  ooonties,  Virginia, 
was  announced  in  1910.  Loose  rutile  ranging  in  size  from  very  small 
grains  to  masses  weighing  more  than  30  pounds,  associated  with  ilmenite, 
which  litter  the  surface  in  the  localities  named  above  and  derived  by 
weathering  from  a  certain  type  of  underlying  rock  (pegmatite),  led  to  the 
identification  of  the  mineral.  At  one  place  on  the  Nuckols  farm  near  Peers, 
in  Goochland  County,  the  remnants  of  former  prospect  openings  are  still 
visible.  These  are  reported  to  have  been  made  more  than  100  years  ago 
in  search  for  ruby  silver,  and  it  has  been  suggested  that  the  prospectors 
probably  mistook  the  red  rutile  for  silver  ore. 

The  localities  were  visited  by  Frank  L.  Hess,  of  the  U.  S.  Geological 
Survey  in  May,  1910,  who  was  the  first  geologist  to  describe  them."  They 
were  subsequently  visited  and  studied  by  the  writers  in  December,  1910. 

r  Richmond.  Va..  Mng.  World.  IPIO, 
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Fig.  20. — Topographic  map  of  a 
showing  location  of  rutile  a 

Geo).  Survey.)  ^-^  . 

Dig-izedbyLiOO^le 


250  GEOLOGY    OF   THE   TITANIUM    AND    APATITE    DKP0SIT8. 

TOPOa&APHY. 

Map,  figure  20,  adopted  from  the  Gooeliland  sheet  of  the  TJ,  S. 
(teological  Survey  and  covering  parts  of  Goochland  and  Hanover  counties, 
gi\es  a  good  general  idea  of  the  topography  of  the  eastern  Piedmont  border 
region  in  which  the  rutile  deposits  near  Peers,  Waldelock,  and  Gouldin, 
occur.  The  area  comprised  within  the  limits  of  the  map  averages  about 
300  feet  above  sea-level  and  is  drained  by  South  Anna  and  James  rivers, 
and  their  tributaries.  It  is  a  part  of  a  moderately  dissected  plateau  surface, 
without  marked  elevations  found  over  any  of  its  parts.  The  range  in 
elevations  is  from  less  than  150  feet  in  the  James  River  basin  and  about 
200  feet  in  the  South  Anna  valley,  to  more  than  350  feet  over  parts  of  the 
divide  region  between  the  two  drainage  systems. 

The  rutile  area  at  Peers  in  Goochland  County  lies  in  the  upper  drainage 
basin  of  Tuckahoe  Creek,  a  tributary  to  James  River,  while  the  deposits 
near  Waldelock  and  Gouldin  in  Hanover  County  lie  clo^^e  to  South  Anns 
River,  on  the  south  and  north  sides  of  the  river,  respectively. 

aENEOAI  QEOLOGY  ASD  FETBOOBAPHT. 
mrBODTTCTOaY  8TATSHEKT. 

In  common  with  the  Piedmont  province  in  general,  the  rocks  of  this 
eastern  border  region  in  which  occur  the  rutile  deposits  of  Goochland  and 
Hanover  counties,  are  in  an  advanced  stage  of  decay,  and  the  hard 
moderately  fresh  rocki-  aie  concealed  bentath  the  cover  of  variable  thickness 
derived  by  the  normal  processes  of  weathering.  Exposures  in  the  region, 
therefore,  of  even  moderately  fresh  rock  are  rare  except  along  and  in  the 
vicinity  of  stream  courses.  Because  of  this  fact  and  in  the  absence  of 
sufficient  development  work  (openings),  the  exact  detailed  geologic  relalions 
are  difficult  of  complete  and  accurate  interpretation.  However,  we  believe 
that  our  studios  in  the  region  have  been  sufficiently  detailed  to  definitely 
slate  the  principal  facts  relating  to  the  geology. 

\s  regards  rock  (types)  asfociations,  the  rutile  occurrence  in  Goochlnml 
and  Hanover  counties  is  unlike  that  of  the  Amherst-Nelson  counties  area, 
but  the  two  areas  are  similar  in  that  rutile  is  associated  with  ilmenite,  and 
in  each  area  the  accompanying  rocks  are  igneous  in  origin,  Nel^onite.  an 
important  rock  type  in  the  Amherst- Nelson  counties  and  the  Roanoke 
County  areas,  is  not  known  to  occur  in  Goochland  and  Hanover  countiw- 
Indeed  there  is  an  almost  entire  absence  of  apatite  from  the  several  rutile 
localities  in  the  latter  counties. 
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PEnrCIPAL  ROCK  OKOTTPB. 

Where  ob^rved  the  rock  exposures  show  the  country  rock  to  be  a 
granitic  gneisB  of  variable  composition,  chiefly  micaceous  (biotite  and 
muscovite)  and  at  times  hornblendic,  cut  in  many  places  by  numerous  dikes 
of  acid  (granitic)  pegmatite  some  of  which  are' rutile- bearing,  and  a  variety 
of  baMc  igneou.^  rocks,  including  diorite,  diabase,  and  pyroxenite.  These 
are  described  below  in  the  order  named. 

OneiEB. 

The  country  rock  of  the  region  is  a  gneii^s  of  variable -composition,  and 
contains  much  biotite  and  hornblende,  with  the  usual  large  quantities  of 
feldspar  and  quartz,  the  proportion  of  which  varies  from  place  to  place. 
The  gneiss  bands  containing  biotite  as  the  principal  dark  mineral  alternate 
in  some  localities  at  least  with  those  containing  hornblende.  This  is  well 
shown  in  a  fresh  section  of  the  gneiss  (garnetiferoiis)  exposed  in  the 
railroad  cut  just  east  of  Sabot.  In  other  places  the  gneissic  bands  are 
composed  almost  exclusively  of  white  feldspar,  with  usually  some  colorless 
mica,  and  a  little  quartz.  The  highly  feldspathic  gneiss  is  extensively 
developed  in  the  several  rutile  areas  extending  from  the  Bowe  farm  in 
Hanover  County,  southward  8  miles  to  the  Nuckols  farm  in  Qoochland 
County,  and  probably  farther.  A  thin  section  cut  from  feldspar  collected 
from  the  more  feldspathic  phase  of  the  gneiss  on  the  Brown  farm  at 
Waldelock  shows  it  to  be  perthitic  orthoclase,  having  goofl  cleavage  and 
free  from  inclusions. 

The  roc'k  varies  from  medium-  to  moderately  coarse-granular  in  texture, 
and  from  light  nearly  white  to  dark  in  color,  according  to  whether  the 
dark  minerals,  biotite  and  hornblende,  are  present  and  their  quantity. 
They  exhibit  pronounced  foliation  or  banding.  While  a  chemical  analysis 
of  the  rock  has  not  been  made,  thin  section*  of  the  gneiss  studied  under 
the  microscope  conform  in  composition  to  an  original  acid  igneous  rock, 
corresponding  to  a  granitic  type  more  closely  allied  to  quartz  monzonite, 
and  the  banded  structure  to  be  secondary  induced  by  r^ional  dynamic 
forces. 

Microscopically  the  essential  minerals  are  feldspar  (orthoclase  with 
variant  microcline  and  much  plagioclase  near  oligoclase)  and  quartz,  with 
which  are  associated  in  different  bands  of  the  rock  biotite  or  hornblende, 
and  in  the  feldspathic  portions  muscovite,  together  with  garnet,  titanite, 
and  apatite. 
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The  goeies  ia  cut  by  numeroas  pegmatite  dikes  vhich  asnally  lie  ia 
the  foliation  planes,  and  some  of  which  are  rutile-bearing, ,  It  Ib  also  cot 
by  dikes  of  basic  igneous  rocks  of  the  several  types  described  below. 

Feifmatite. 

Pegmatite  dikes,  ranging  from  several  inches  to  4  feet  and  more  in 
width,  of  light  color  and  granitic  composition,  cat  the  gneiBs  rath^  abun- 
dantly in  places.  They  He  mostly  in  the  structure  planes  of  the  gneiss 
and  like  the  inclosing  rock  have  been  mashed  and  rendered  schistose  by 
pressure  effects.  Much  of  the  feldspar  has  been  granntated  and  the  quartz 
is  frequently  mashed  into  lense-  or  stringer-like  masses.  Likewise  the 
larger  masses  of  ruttle  show  granulation  similar  to  Ihe  feldspar.  The 
pegmatite  bodies  cutting  the  gneiss  exposed  in  the  railroad  cut  east  of 
Sabot  are  coarse-granular  and  massive,  and  the  feldspar  is  chiefly  of  pink 
or  flesh  color.     Rutile  was  not  observed  in  any  of  them. 

Like  the  inclosing  gneiss  the  pegmatites  are  invariably  decomposed 
for  a  considerable  depth  below  the  surface.  In  many  cases  the  feldspars 
have  reached  an  advanced  stage  of  kaolinization,  which  frequently  renders 
the  identification  of  the  species  almost  or  entirely  impossible.  In  some  of  the 
freshest  specimens,  however,  twinning  stria?  were  plainly  visible  on  cleavage 
surfaces  of  a  pari:  of  the  feldspar  (plagioclase),  while  other  grains  could 
be  as  definitely  identified  as  a  potash  variety,  orthoclase  or  microcline. 
chiefly  orthoclase. 

The  pegmatites  are  highly  feldspathic,  containing  both  potash  and 
soda-lime  varieties  with  some  quartz,  partly  of  the  dark  smoky  variety, 
less  muscovite  and  biotite,  and  in  some  rutile  associated  with  ilmenite 
(PI.  XXXVI,  fig.  1).  The  rutile  is  an  original  constituent  of  the  dikes 
and  occurs  in  grains  and  masses  up  to  many  pounds  in  weight  (fig.  21). 
The  rutitc-bearing  dikes,  exposed  by  prospecting  on  the  Bowe  and  Nuckols 
farms,  are  described  on  pages  258-260, 

Microseopie  study  of  thin  sections  of  the  pegmatites  serves  only  to 
confirm  the  mineral  composition  and  textures  described  above.  Both 
potassic  and  sodic  feldspars  (orthocla.se  and  plagioclase)  occur,  the  former 
greatly  in  excess  in  some,  and  the  two  in  nearly  equal  proportions  in  others. 
Sericitization  and  kaolinization  of  the  feldspars  are  pronounced.  In  addi- 
tion to  the  foliated  structure  shown  in  hand  specimens  mashing  of  the 
feldspars  and  quartz  is  emphasized  in  thin  sections  under  the  microsoojK'. 
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Fiy.  1.— Pnlislieil  spptiim  of  n  piece  of  rutile  Hont  on  the  Bower  f«nu  near  Goulden. 
Hiinover  County.  SIiohs  fine  bmwn-reil  rutile  witli  interprown  jlmenite.  The 
])eKnintite  dike  from  wliieh  the  rutile  weathertKl  Iihr  been  mashed  until  the  rutile 
[■I  nquee/ed  into  oviil-ahii]ied  nnd  lentieulnr  niHsae^  between  which  nre  line 
granulnr  pailieles  of  the  same  ininertil:  and  the  whole  subsequently  fractured 
with  joints  running  in  two  ilirectitmH.  ((.'ollected  hy  Frank  L.  Heis.  Photo- 
grnphed  by  U.  S.  Geo!.  Survey.)     Xalural  si«. 


itile.     I.iglit-colored 
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and  pogmolit't. 


Diorite. 

Diorite  is  found  at  a  ntunber  of  localities  in  the  district,  bat  the  ex- 
posures are  poor,  aad  the  geolc^  relations  difficult  of  interpretation, 
becanse  of  the  depth  of  reeidnal  rock  decay.  Expoeores  of  the  rock  that 
afforded  reaeonobly  good  Bpecimene  were  noted  on  Uie  road  between  Maidens 
station  and  the  Bowe  farm  (Spec.  248),  on  the  Brown  farm  at  Waldelock 
(Spec.  257),  and  on  the  Bowe  farm  600  yards  north  of  South  Anna  River 
(Spec.  363). 

Hand  Bpecimens  of  the  rock  from  the  several  localities  mentioned  above 
show  diorite  of  dark  greeniah-gray  to  greeush-black  color,  and  ranging 
from  fine  to  coarae  even-granular  in  textore.  They  are  eesentiallv  massive 
althoagh  several  specrmens  exhibit  faint  scliiBtoee  stmcture.  Black,  cleava- 
ble,  hornblende  in  grains  and  prismatic  crystala  ranging  up  to  6  by  8  nmi. 
in  size,  is  the  dominant  mineral,  with  feldspar,  a  little  qcartz,  and  tarnished 
sulphides   (pyrite  chiefly)   visible,  m^oscopically.     The  hornblende  indi- 
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viduals  average  larger  in  size  than  those  of  feldspar.  Twinning  striae  are 
observed  on  much  of  the  freshest  feldspar.  Much  of  the  feldspar,  however, 
is  more  or  lees  altered  and  chalky  in  appearance.  Epidote  is  reiadily  visible 
with  the  aid  of  the  pocket  lens. 

Thin  sections  of  the  rocks  ^how  no  unusual  features  when  examiDed 
under  the  microscope.  They  are  composed  of  fine-  to  coarEe-granular 
mixtures  of  hornblende  (chiefly)  and  plagioelase  feldspar,  with  accessory 
quartz,  orthoelase,  titanite,  and  apatite,  together  with  secondary  epidote. 
colorless  mica,  and  iron  oxide.  Hornblende  of  brown  to  green  and  blue- 
green  color  occurs  mostly  in  irregular  platy  forms,  leas  often  in  euhedral 
crystals,  and  usually  exhibits  good  cleavage  and  strong  absorption.  Inclos- 
ures  of  quartz  and  feldspar  having  rounded  outlines  arc  noted  in  some 
of  the  larger  hornblende  individuals.  Lime-soda  feldspar  (plagioelase) 
is  the  next  most  abundant  mineral.  It  is  quite  fresh  in  some  thin  seotioD? 
but  in  others  its  substance  is  largely  obscured  by  alteration  products. 
Limonite  pseudomorphs  after  pyrite  are  noted  in  thin  section  253.  Quartz 
is  subject  to  wide  variation  in  amount,  being  deve]o[)ed  but  sparingly  in 
some  thin  sections  and  fairly  plentiful  in  others.  It  is  partly  secondary 
in  some  cases. 

Diabase. 

Only  one  occurrence  of  diabase  was  noted  by  the  writers  in  the  rutile 
areas  of  Goochland  and  Hanover  counties.  This  was  observed  on  the  Bowe 
farm  a  short  distance  north  of  South  Anna  River.  It  is  a  normal  Mesozoic 
diabafe  of  fine-grained  texture  and  blue-gray  color.  Under  the  microscope 
a  thin  section  of  the  rock  (Spec.  2.i4)  shows  typical  diabasic  texture  and 
is  composed  of  plagioelase  feldspar  (labradoritc),  auglte.  and  magnetite. 
These  present  no  unusual  characters  for  a  diabase. 

Pyroxenite. 

Pyroxenic  masses  (Specs.  250,  251,  255.  and  260)  probably  dikes,  are 
found  on  the  Bowe  farm  (Specs.  250  and  251),  Hanover  County,  and  on 
the  Brown  (Spec.  255)  and  Nuckols  (Spec.  260)  farms,  Goochland  County. 
The  occurrences  noted  on  the  Bowe  farm  are  exposed  in  some  of  the  open- 
ings made  in  prospecting  for  rutile. 

The  pyroxinites  are  nu'<liiim-  lo  coarse-granular,  massive,  dark  rocks. 
exhibiting  distinct  bronzy  luster,  more  or  less  altered  from  weatherin)!. 
and  discolored  from  iron  oxide.  In  addition  to  pyroxene,  ranging  up  to 
more   than   an   inch   across,  accessory  quartz  probably   eccondarj-   in  nio6t 
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cases,  pyrite  and  pyrrhotite,  and  ilmemte  or  magnetite  (Spec,  260)  occur. 
Specimen  251  exhibits  several  areas,  measuring  more  than  an  inch  in 
diameter,  composed  of  quartz  mostly  of  blue  color  and  rounded  outline. 

Thin  sections  show  the  rocks  to  be  composed  chiefly  of  nearly  colorless 
Don-pleochroic  pyroxene,  having  good  cleavage  development,  and  frequently 
crowded  opaque  brown  inclusions  arranged  in  definite  positions.  These 
are  developed  as  plates,  rods,  and  grains  oriented  in  part  parallel  to  the 
cleavage,  and  in  part  at  angles  to  this  direction.  Some  of  the  inclusions 
were  identified  as  rutile,  but  most  of  them  were  indeterminate. 

The  accessory  minerals  include  ilmenite  or  magnetite,  biotite  which 
is  partly  secondary,  chlorite,  and  in  thin  section  250  some  colorless  garnet 
filled  with  inclusions  and  a.isociated  with  a  little  secondary  quartz.  The 
sulphides,  pyrite  and  probably  some  pyrrhotite,  were  identified  in  hand 
specimens  of  the  rock,  but  were  not  observed  in  thin  sections. 

The  Rutile  Ore. 

OENEHAL    CHARACTER. 

Megascopic  character. — Megascopic  ally  the  rutile  occurring  at  the 
several  localities  in  Goochland  and  Hanover  counties  is  similar  in  general 
physical  character  to  the  syenite  rutile  of  Xelaon  County  described  on  pages 
193-19fi,  except  that  many  of  the  larger  pieces  are  massive  fine-granular 
composed  of  an-apparent  aggregate  of  small  grains  measuring  0.2-8+  mm. 
in  diameter,  which  is  probably  due  to  mashing  from  dynamic  forces.  It  is 
usually  deep  red  in  color,  sometimes  brownish-red,  has  the  characteristic 
metallic -adamantine  lustre,  and  while  no  chemical  analyses  have  lieen  maae 
of  the  mineral,  it  has  every  physical  appearance  of  being  very  pure.  It 
ranges  in  size  from  small  grains  up  to  masses  weighing  15  or  90  pound-  and 
occasionally  more.  Several  masses  of  the  pure  mineral  were  observed  on 
the  surface  at  one  of  the  shafts  on  the  Xuckols  farm  which  exceeded  30 
pounds  each  in  weight,  Hess  mentions  one  mass  found  on  this  farm  that 
was  reported  to  have  weighed  200  or  300  pounds. 

.VkTosfoprV  character. — Microscopically  thin  sections  of  the  rutile 
(Specs.  249,  261,  and  2G"i)  exhibit  no  unusual  characters.  Each  thin 
section  agreed  in  showing  a  granular  aggregate  of  the  mineral,  which  was 
light  yellow-brown,  sometimes  deep  golden  yellow,  by  reflected  light,  and 
very  faintly  or  non-pleochroic  by  transmitted  light.  The  hand  specimens 
are  deep  red  in  color  and  show  a  massive  fine-granular  structure.  Good 
cleavage  development  is  observed  in  some  grains,  and  irregular  fractures 
are  common.     No  inclusions  were  identified  and  as  a  rule  alteration  is  not 
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shown,  although  occaeional  incipient  alteration  to  leucoxene  about  the 
margins  of  some  graine  was  indicated.  In  two  of  the  thin  sections  (281 
and  262)  the  rutile  is  intimatelj  admixed  with  more  or  less  black  ilmenite 
which  exhibita  a  tendency  toward  outward  crystal  form.  In  one  of  the  thin 
sections  (262)  an  occasional  light-colored  silicate  mineral  was  observed. 

Ilmenite. — The  ilmenite  found  in  the  Goochland  and  Hanover  counties 
areas  has  the  same  mode  of  occurrence  as  the  rutile  with  which  it  is  asso- 
ciated. It  may  occur  as  separate  grains  and  masses  or  admixed  and  inter- 
grown  with  the  rutile  as  shown  in  PI.  XXXVI,  fig.  1.  An  analysia  of  the 
ilmenite  collected  by  Mr.  Hess  from  the  GFoochland  County  area  gave  the 
following  results: 

Analysin  of  ilmettUe  from  Ooochland  County,  Vtrginia. 

(R.  C.  WELL8,  AiUllsit.) 


Per  cent. 
51.83 
46.22 
2.31 

Ratio. 
.648 

.038 

100.36 

As  shown  hy  the  ratios  of  titanium  and  iron  oxides  calculated  from 
the  analysis,  the  Goochland  County  ilmenite  corresponds  closely  to  the 
formula  FeO.TiO,.  This  analysis  is  compared  with  analyses  of  the  same 
mineral  from  the  Amherst-Nelson  counties  area,  and  the  composition  of  the 
latter  discnseed  on  pages  223-226. 

MODE   OF   OCCPBBESOE. 

The  rutile  associated  with  ilmenite  occurs  (a)  as  loose  grains  and 
masses  on  the  surface  and  in  the  soil  derived  by  normal  weathering  pro- 
ee:-ses  from  the  underlying  fresh  rock,  and  (b)  as  dots  and  streaks  in 
pegmatite  dikes  of  granitic  composition  (fig.  31)  which  cut  the  gneiss. 
The  pegmatite  is  described  on  page  252.  Still  a  third  mode  of  occurrence 
is  in  the  highly  feldepathic  portions  of  the  gneiss,  as  was  observed  in  the 
rock  exposures  along  the  small  stream  on  the  Bowe  farm.  Here  rutile  and 
ilmenite  occur  in  very  thin  streaks  or  stringers  which  probably  represent 
crushing  of  larger  grains  of  the  two  minerals  hy  the  forces  of  metamorphism. 

MINEHAL   AS80CIATIOK9. 

.\part  from  the  usual  silicate  constituents  of  the  p^matites — feldspar, 
quartz,  and  mica   (mui'covite  and  biotite) — the  minerals  associated  with 
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the  rutile  are  exceptionalij  few.  Ilmenite  ie  much  the  moat  frequeot  one 
and  may  occur  as  separate  grains  and  masses  or  as  an  intimate  mixture  or 
intergrowth  with  nitile  (PI.  XXXVI,  fig.  1),  Occasional  apatite  has  been 
observed  with  the  rutile  and  ilmenite.  Besides  Umenite  and  occasional 
apatite  there  is  indication  in  places  of  the  former  presence  of  pyrite  in 
hydrous  iron  oxide  wliich  was  apparently  formed  from  the  decomposition 
of  the  original  sulphide  mineral. 


The  abundant  grain<  and  larger  masses  of  rutile  found  loose  on  the 
surface  and  in  the  soil  have  been  derived  from  the  underlying  rock  (pegma- 
tites chiefly,  and  in  places  possibly  to  a  limited  extent  from  the  more 
feldspathic  portions  of  the  inclosing  gneiss)  by  the  usual  processes  of 
weathering. 

The  area  in  which  the  several  occurrences  of  rutile  are  noted  is  one 
of  igneous  rocks  that  have  been  profoundly  changed  by  metamorphism. 
except  the  dikes  of  basic  materials,  some  of  which  are  probably  of  later 
age.  Both  the  inclosing  rock  (granite-gneiss)  and  the  pegmatites  have 
ebared  alike  in  the  periods  of  deformation  and  are  now  strongly  schistose 
in  structure.  That  the  rutile  was  formed  prior  to  the  metamorphism 
affecting  the  rock  in  which  it  occurs  is  evidenced  by  its  showing  pressure 
effects  in  crushing  and  mashing.  Both  the  rutile  and  ilmenite  frequently 
occur  in  thin  stringers  oriented  in  the  direction  of  schistosity,  formed 
probably  by  the  crushing  of  larger  particles  of  the  two  minerals. 

Ae  has  been  previously  stated  the  rutile  is  associated  with  ilmenite,  and 
has  unequal  distribution  in  the  pegmatite  dikes.  For  the  depth  reached  in 
prospecting,  rutile  has  nowhere  been  found  in  the  dikes  in  as  large  masses 
as  those  composing  the  float  and  from  which  it  must  have  been  derived. 
Probably  larger  bodies  of  rutile  will  be  found  in  the  dikes  at  greater  depth, 
but  at  what  depth  can  not  be  stated.  No  explanation  can  be  oiTered  for 
the  unequal  distribution  of  the  rutile  in  the  dikes,  except  on  the  basis  of 
a  process  similar  to  that  which  resulted  in  the  formation  of  the  principal 
silicate  minerals,  feldspar  and  quartz. 

So  far  ae  field  and  laboratory  studies  indicate,  both  the  rutile  and 
ilmenite  must  be  regarded  as  original  constituents  of  the  pegmatite  dikes, 
formed  by  the  same  processes  and  practically  at  the  same  time  as  the 
principal  silicates — feldspar,  quartz,  and  mica.  Since  their  formation, 
the  dikes  containing  rutile  have  been  subjected  to  intense  dynamic  meta- 
morphism in  common  with  the  inclosing  rock  (granite-gneiss),  which  re- 
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suited  in  the  derelopment  of  proDOunced  schieto^ity  in  both.  There  if  no 
evidence  to  indicate  that  the  ratile  bears  any  genetic  relationship  to  the 
dikes  of  basic  igneous  rocks  in  the  several  localities. 

The  more  highly  fetdspathic  portions  of  the  gneiss  containing  nitile.  as 
described  above,  may  possibly  represent  pegniatitization. 

AGE   OF   THE   DEPOSITS. 

Reference  to  the  geologic  map  of  Virginia"  will  show  that  the  several 
rutile  occurrences  described  above  are  located  near  to  the  northern  end  of 
the  Triassic  area  known  as  the  Richmond  Coal  basin.  The  rocks  formiDg 
this  basin,  however,  are  unconformably  deposited  on  the  gneiss  cut  by  the 
ru tile-bearing  pegmatites  and  are  therefore  later  in  age.  Moreover,  it  hss 
been  shown  that  both  the  gneiss  and  pegmatite  dikes  are  schietose,  a 
structure  developed  in  the  rocks  liefore  Triassic  time,  and  they  can  not  W 
younger  than  Carboniferous,  the  last  intense  period  of  metamorphism 
which  affected  the  rocks  of  the  eastern  United  States.  The  rocks  forming 
the  area  in  which  the  rutile  is  found  are  considered  to  be  of  pre-Cambrian 
age,  and  if  the  genesis  outlined  above  is  correct,  the  rutile  deposits  are 
likeivise  pre-Cambrian. 

ECONOMIC  CONSIDEBATIOKS. 

HraiHO  DEVELOPHEirrS. 

Prospecting  for  rutile  in  these  counties  has  been  limited  chiefly  to  the 
Bowe  farm  near  Gouldtn  on  the  north  side  of  South  A.nna  River,  Hanover 
County,  and  to  the  Nuckols  farm,  fi  miles  farther  south,  near  Peer^  in 
Goochland  County. 

Bowe  farm. — On  the  Bowe  farm  abundant  loose  rutile  grains  and  masse* 
weighing  20  pounds  and  more  are  scattered  over  the  >iirface  of  an  area  of 
more  than  iiO  acres  in  extent,  Within  this  area,  a  short  distance  to  the 
southwest  and  southeast  of  the  Bowe  dwelling  house,  several  shallow  pits 
not  exceeding  20  feet  in  depth  were  opened  by  August  Meyer,  who  leased 
the  property.  The  descriptions  of  the  openings,  published  by  Mr.  Hess. 
shorllv  after  his  examination  of  them  and  when  they  were  in  better  con- 
dition for  study  than  at  the  time  of  the  writers'  investigations,  are  quolcl 
in  full:" 

oWatson,  Thomas  L..  A  Geological  Map  of  Virginia.  Va.  G*ol.  Survev.  IBll. 
6He8S,  Frank  L.,  New  Rutile  Deposit-  npnr  Riclimond.  Vn..  Mng.  World.  ISlC 
vol.  :itviii.  p.  30.1  el  "rq. 
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"On  a  hill  aonthTest  of  the  Bowe  farmhouse  two  holea  were  stink  16  or 
20  ft.  deep;  a  pegmatit'e  dike  about  3  ft.  wide  has  been  cut  in  each  .  .  . 
Both  the  enclosing  gneiss  and  the  pegmatite  are  so  decomposed  that  insects 
and  wonns  have  burrowed  through  them  as  deeply  as  the  prospect  holes 
have  gone-  The  dip  of  the  dike  is  about  70°  west,  and  it  follows  the  strike 
of  the  rocka,  north  to  south. 

"For  10  or  12  ft.  from  the  surface,  the  rocks  are  so  discolored  by  iron 
as  to  be  indistinguishable.  Below  that  the  decayed  (kaolinized)  p^matite 
is  white  and  chalky  and  is  from  3  to  4  ft.  wide.  Through  it  are  dots  and 
streaks  of  reddish  rntile  i^  in.  thick.  Some  of  the  rntile  stringers  are 
accompanied  by  quartz  of  similar  thickness.  There  are  streaks  of  biotite 
mica  from  1  to  3  ins.  wide,  and  2  or  3  ft.  long  with  which  in  several  places 
are  stringetB  of  rntile  and  ilmenite  from  Vfe  to  %  in.  thick.  The  various 
narrow  ^inds  and  stringers  in  the  pegmatite  may  represent  in  part  flow 
Btmcture,  but  are  also  due  to  later  crushing.  The  whole  dike  haa  been 
crushed  tmtil  it  has  taken  on  something  of  the  gneissoid  appearance  of  the 
surrounding  rocks.  The  quartz  has  been  recemented  and  is  comparatively 
solid,  but  the  rutile  is  in  angular  fragments  and  has  not  been  recemented. 
There  is  some  hydrous  iron  oxide  which  appears  to  have  been  formed  from 
the  decomposition  of  pyrite.  In  the  more  southerly  of  the  prospect  holes, 
which  are  only  15  ft.  apart,  the  rutile  occurs  in  thin  stringers  tliroughout 
the  width  of  the  dike.  The  stringers  are  about  y^  i°-  "''  l^ss  thick,  and 
about  3  to  3  ins.  apart. 

"Among  the  float  picked  up  along  the  hill  are  pieces  of  rutile  which 
have  evidently  come  from  the  gneiss  alongside  the  dike,  as  they  are  so  much 
more  crushed  than  the  dike  itself.  These  pieces  are  lenticular  and  up  to 
4  or  5  ins.  broad  by  2  ins.  thick.  Some  are  made  up  of  ilmenite  with 
streaks  of  rutile.  In  other  specimens  the  mass  is  made  up  of  rutile  with  a 
thin  envelope  of  ilmenite  %  in.  thick.  The  iron  and  titanium  in  the 
ilmenite  have  practically  the  proportions  that  should  be  found  in  the 
theoretically  purer  mineral.  (See  analysis  on  page  256.)  Some  apatite 
occurs  with  the  rutile  and  ilmenite. 

"No  nitile  has  been  found  in  the  prospect  holes  in  as  large  bodies  as 
those  from  which  the  float  must  have  come.  It  is  probable  that  if  the 
prospect  holes  are  continued  downward  larger  bodies  of  rutile  will  be 
encountered,  but  at  what  depth  or  in  how  many  places  can  not  be  prophesied. 

"On  a  hill  one-fourth  of  a  mile  southeast  of  the  Bowe  house,  float  rutile 
has  also  been  found,  but  on  this  hill  it  is  accompanied  by  much  more 
ilmenite.  In  a  prospect  hole  stringers  similar  to  those  upon  the  hill  first 
described  were  cut,  biit  a?  the  float  indicated  would  be  the  case,  there  was 
much  more  ilmenite." 

yucleois  farm. — On  this  farm,  located  near  Peers  in  Goochland  County 
and  about  S  miles  south  of  the  Bo-we  farm  in  Hanover  County,  similarly 
occurring  rutile  grains  and  large  masses,  intimately  associated  with 
ilmenite,  are  found  loose  on  the  surface  and  in  the  soil  at  a  number  of 
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places,  which  will  aggregate  a  considerable  area  in  size.  Some  of  the  mtile 
masses  are  of  unusual  size,  one  piece  being  reported  by  Hesa  to  have  weighed 
between  SOO  and  300  pounds.  Several  masses  of  essentially  pure  nitile, 
exceeding  85  pounds  in  weight,  were  observed  by  the  writers  on  the  dump  at 
one  of  the  shafts.  Many  smaller  masses  were  noted.  Small  graint^  and 
stringers  of  ilmenite  are  contained  in  some  of  the  large  masses  of  nttile 
(PI.  XXXVI,  fig.  2). 

The  Nuckols  farm  has  been  more  extensively  prospected  than  the  Bowe 
farm  both  by  pits  and  several  shafts  not  exceeding  75  feet  in  depth.  The 
work  was  done  by  the  Titanium  Alloy  Company  of  Niagara  Falls.  The 
rocks  (pegmatite  dikes)  in  which  the  openings  are  made  show  decay, 
chiefly  kaolinization  of  the  feldspars,  to  the  entire  depth  reached  by  the 
shafts.  The  dikes  are  highly  feldspathic  bodies  containing  less  quartz  but 
variable  in  amount,  with  irregular  distribution  of  rutile  and  ilmenite  in 
grains  and  stringers  similar  to  the  occurrence  on  the  Bowe  farm  (fig.  21). 

COKKEaCIAL  FDBSIBILIIIEB. 

From  the  description  detailed  above,  it  is  clear  that  the  source  of  the 
mtile  was  in  the  pegmatite  dikes  cutting  the  gneiss.  That  which  is  found 
loose  on  the  surface  and  in  the  soil  was  derived  from  the  p^matites  by 
weathering.  The  commercial  posaibiiities  of  the  area,  therefore,  may  be 
considered  under  (a)  residual  rutile  found  loose  on  the  surface  and  in 
the  rock  decay  (soil),  and  (j>)  unaltered  pegmatite  rutile. 

Besidvai  rutile. — In  each  locality  studied,  but  more  especially  on  the 
Bowe  farm  in  Hanover  County  and  the  Nuckols  farm  in  Goochland  County, 
large  quantities  of  rutile  and  some  ilmenite,  ranging  from  fine  sand  to 
masses  weighing  many  pounds,  occur  loose  on  the  surface  and  in  the  soil 
over  many  acres  in  extent.  It  would  be  extremely  difficult  if  not  impossible 
to  accurately  estimate  the  exact  tonnage  of  this  material,  but  there  must 
be  many  hundreds  of  tons.  Abundant  water  is  close  at  band  for  sluicing, 
BO  that  the  blanket  or  covering  of  loose  rock  decay  could  readily  be  worked 
by  the  usual  methods  employed  in  placer  mining,  and  the  rutile  probably 
concentrated  at  a  relatively  small  cost.  Further  cleansing  of  the  mtile 
would  probably  require  treatment  by  an  electro-magnetic  separator. 

Pegmatite  rutile. — The  original  source  of  all  the  rutile  in  the  several 
areas  of  Hanover  and  Goochland  counties  haa  been  from  the  rutile-betrisi 
pegmatite  dikes.  That  derived  by  weathering  and  found  loose  on  the 
surface  and  in  the  soil  has  already  been  discussed.  The  present  headini 
includes  the  rutile  found  in  place  in  the  pegmatite  dikes  cutting  the  gnem 
below  the  mantle  of  residual  rock  decay. 
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It  has  been  pointed  out  that  proapecting  has  scarcely  reached  below  the 
zone  of  rock  decay,  and  that  mtile  with  aome  ilmenite  occura  in  the  pegma- 
tites as  small  and  large  masses  and  streaks  due  to  dynamic  forces,  and  of 
unequal  distribution.  The  occurrence  of  the  rutiie,  including  structure 
and  mineral  associates,  has  already  been  described.  On  the  Nuckols  farm 
in  Goochland  County,  opalescent  blue  quariz  with  plagioclase  feldspar  and 
ilmenite,  similar  to  the  minerals  associated  wi&  mtile  in  Ifelson  County, 
are  observed  with  the  pegmatite  dikes  in  places. 

While  no  definite  law  may  be  formulated  as  to  the  depth  and  position 
in  the  p^:matite  dikes  at  which  mtile  bodies  may  be  found  it  is  regarded 
that  as  far  as  prospecting  has  extended  the  conditions  are  encouraging  and 
fully  warrant  more  careful  and  systematic  development  to  determine 
whether  the  dikes  contain  commercial  supplies  of  the  mineral. 

Conclusion. — It  may  be  stated  in  summary  that  the  writers  regard  the 
mtile  occurrences  in  Hanover  and  Goochland  counties  as  very  promising, 
and  that  the  conditions  folly  warrant  more  extensive  and  systematic 
exploratory  work  to  determine  whether  commercial  bodies  of  rutiie  are  to 
be  found  in  the  unaltered  pegmatites  at  depth.  From  our  investigation 
of  the  area  we  are  satisfied  that  there  already  exists  a  very  considerable 
tonnage  of  mtile  as  loose  grains  and  masses  on  the  surface  and  in  the 
soil  that  can  be  recovered  at  probably  a  minimum  cost,  when  the  local  con- 
ditions favoring  mining  are  considered.  Moreover,  we  are  led  to  suspect 
from  the  mode  of  occurrence  of  the  mtile,  etc.,  that  systematic  prospecting 
of  the  pegmatites  at  depth  will  possibly  indicate  a  commercial  supply  of 
the  mineral.  It  must  be  understood,  however,  that  from  the  very  mode  of 
occurrence  of  the  mtile,  as  described  above,  prospecting  in  the  hard  and 
unaltered  pegmatite  dikes  is  uncertain. 

Sufficient  prospecting  has  bees  done  to  indicate  that  the  original 
occurrence  of  the  ore  was  in  the  hard  and  unaltered  pegmatite  bodies  of 
granitic  composition.  It  has  not  been  sufficient,  however,  to  conclusively 
demonstrate  the  occurrence  of  mtile  sufficiently  concentrated  to  justify 
regular  working.  Whether  additional  prospecting  should  or  should  not 
prove  workable  ore  to  be  present  in  the  pegmatite  bodies,  a  very  considerable 
tonnage  of  mtile  is  readily  available  at  present  on  the  surface  and  in  the 
re<<idual  rock  decay  (soil).  So  far  as  prospecting  has  extended,  the  open- 
ings indicate  extreme  irregularity  of  occurrence  as  to  both  quantity  and 
distribution  of  the  mtile  in  the  pgmatite  bodies. 
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CHARLOTTE  CXJUNTY  AREA.- 

QENEBAL   STATEMBNT. 

In  1^11,  rutile  was  found  by  Joel  H.  Watkins  in  an  area  of  meta- 
morphic  crystalline  rocks,  12  miles  northwest  of  Charlotte  Conithoaee, 
in  the  extreme  northveet  comer  of  Charlotte  County.  The  area  mapped, 
fig.  32,  comprises  two  types  of  schist  in  their  well-differentiated  [Htrte,  but 
are  regarded  as  probable  variations  of  a  single  type,  since  they  appear  lo 
grade  into  each  other  in  the  field,  and  with  the  exception  of  cyanite  the 
principal  minerals  are  the  same  in  both.  The  rocks  have  a  strike  of 
N.  30°  E.  and  an  average  dip  of  about  45°  southeast,  becoming  vertical  in 
places.  No  igneous  rocks  are  found  in  the  area,  and  it  is  distant  about  15 
miles  from  the  exposed  western  margin  of  the  granite  and  granite-gneiss 
belt. 

The  principal  rock  type  is  a  thinly  foliated  quartz-sericite  schist  of  light 
color  and  medium  coarse  grain,  composed  of  quartz  and  sericite  as  the 
essential  minerals,  with  occasional  grains  of  mtile  and  other  accessory 
minerals  as  microscopic  inclusions.  The  second  rock  type  is  a  cyanite 
schist  of  variable  texture  according  to  whether  quartz  or  cyanite  predomi- 
nates. Some  specimens  show  a  fine-granular  nearly  white  rock  composed 
almost  entirely  of  sugary  quartz,  with  occasional  cyanite  and  sericite.  The 
other  extreme  is  represented  by  a  coarse  aggregate  of  greenish  cyanite  in 
flat  prismatic  individuals  measuring  2  inches  long  by  0.5  inch  wide,  and 
containing  but  little  qnartz.  Between  these  two  extremes  many  gradations 
are  traceable.  The  principal  minerals  are  quartz,  cyanite,  and  sericite, 
with  a  goodly  sprinkling  of  rutile  in  places.  Black  tourmaline  and  garnet 
are  noted  in  places. 

OrCURKENCE   AND   CHARACTER   OF   THE    EOTILE. 

The  principal  occurrence  of  rutile  is  in  the  cyanite  sdust  although 
occasional  grains  are  observed  in  the  quartz-eericite  schist.  The  rutile  is 
frequently  observed  megascopically  as  minute  grains  in  the  hard  rock  and 
in  the  sands  derived  from  the  decay  of  the  sctiiets.  It  is  red  to  reddish- 
brown,  very  faintly  pleochroic,  and  the  larger  grains  sometimes  show 
cleavage.     It  ie  usually  fresh,  very  seldom   showing  incipient  alteration 
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peripherally  to  lencoxene.  It  ie  associated  with  both  quartz  and  cyanite, 
more  often  with  the  latter,  in  euhedral  and  anhedral  crystals,  single  and 
twinned,  and  Bometimes  in  aggregates.  In  several  thin  sections  nitile 
appeared  to  be  as  abundant  in  the  quartz  as  in  the  cyanite. 

Microscopically  the  rutile  is  usually  inclosed  in  the  substance  of  the 
cyanite  and  to  some  extent  in  the  quartz.  It  is  sometimes  formed  along 
the  boundaries  of  the  cyanite  and  quartz,  frequently  cutting  into  their 
substance ;  along  cleavage  directions  in  the  cyanite ;  and  occasionally  along 
irregular  fractures,  but  in  such  relations  as  to  indicate  that  the  rutile 
formed  prior  to  the  fracture  of  the  cyanite.  Plate  XXXVII,  figa.  1  and  5, 
make  clear  these  relations  of  the  rutile. 

The  mtile  and  other  heavy  metamorphic  minerals  associated  with  it  in 
this  area,  are  regarded  as  having  been  produced  under  conditions  of 
dynamic  regional  metamorpbism.  The  rutile  is  not  known  to  occur  in 
quantity  in  the  Charlotte  County  area  and  is  only  of  scientific  interest. 

BUCKINGHAM  COUNTY  AREA.- 

At  Willis  Mountain,  Buckingham  County,  rutile  has  been  found  in 
cyanite  schists,  the  occurrence  being  closely  similar  to  the  Charlotte  County 
area  described  above.  Willis  Mountain  is  a  solitary  monadnock  which, 
rising  abruptly  from  the  average  level  of  the  Piedmont  Plateau,  reaches  a 
height  of  1,159  feet  above  sea-level  and  extends  as  a  narrow  ridge  for  a 
distance  of  about  2  miles  in  a  north  and  south  direction.  The  crest  of  the 
ridge  is  extremely  nigged  and  precipitous,  and  is  formed  by  a  bare  wall-like 
outcrop  of  cyanite  schist.    The  dip  of  the  strata  is  steeply  toward  the  west 

The  cyanite  schist  varies  in  texture  according  to  the  relative  proportions 
of  the  two  principal  constituents,  quartz  and  cyanite,  and  passes  by  grada- 
tion into  the  quartz-sericite  schist  with  which  it  is  iuterbedded.  In  places 
the  rock  is  composed  dominantly  of  cyanite  in  large  bladed  crystals,  white 
to  light  gray  or  blue  in  color,  and  there  are  only  minor  amounts  of  quartz 
and  sencite,  the  latter  sometimes  being  practically  absent;  but  elsewhere 
medium-grained  saccharoidal  quartz  predominates  with  small  prisms  of 
cyanite  scattered  through  the  rock  mass.  Rutile  occurs  in  small  bright 
red  grains  disseminated  indifferently  through  the  other  minerals.  The 
only  other  constituent,  prominent  megascopically,  is  tourmaline,  which  may 
occasionally  be  distinguished  in  small  black  prisms. 
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PHOTOMICROGRAPHS  OF  RUTILE  IN  CYANITE,  CHAELQTTE  COU>"TY. 
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The  cyanite  cryetale  range  np  to  7  or  8  cm.  in  length  and  because  of 
their  resistance,  stand  oat  in  relief  on  Burfaces  that  have  long  been  exposed 
to  weathering.  Under  the  microscope  the  mineral  is  colorless  with  good 
cleavage,  frequently  shows  a  slightly  radiating  texture,  and  there  is  occa- 
sionally a  little  alteration  to  sericite  along  cleavage  planes.  Rutile  is 
commonly  present  as  included  anhedra  which  have  their  longer  diameters 
oriented  parallel  to  the  principal  cleavage  planes  in  the  cyanite. 

The  chemical  composition  of  the  mtile-bearing,  cyanite  schist,  together 
with  its  structural  relations,  suggests  that  the  rock  was  f oi-med  from  a  bed 
of  very  argillaceous  sediments,  possibly  kaolin.  The  alteration  took  place 
under  conditions  of  dynamic  regional  metamorphism  and  was  doubtless 
aided  by  the  intrusion  of  the  large  masses  of  granite  which  are  found  in 
the  vicinity. 

Another  but  less  extensive  outcrop  of  cyanite  schist  occurs  8  miles 
northeast  of  Willis  Mountain.  The  rock  is  essentially  similar  to  that  just 
described  except  that  it  contains  relatively  less  rutile.  Neither  occurrence 
is  of  any  commercial  importance. 

ECX)NOMIC  ASPECTS. 
FirnTBE  OF  BTJTILE  KINIITO  IN  nBOINIA. 

Rutile  in  very  email  amounts  is  of  widespread  occurrence,  but  it  is 
very  rarely  found  in  sufficient  quantity  to  be  of  economic  importance.  It 
is  largely  due  to  the  scarcity  of  workable  rutile  deposits  that  so  little  effort 
has  been  made  in  the  past  to  find  uses  for  titanium  and  its  compounds. 

For  many  years  the  demand  for  nitile  was  very  limited,  and,  while 
the  prices  were  high,  the  consumption  was  not  sufficient  to  encourage  active 
search  for  new  deposits  or  the  extensive  development  of  those  already 
known. 

Until  the  discovery  and  development  of  the  Virginia  rutile  deposits, 
nearly  all  rutile  sold  for  commercial  purposes  in  this  country  was  obtained 
from  Chester  County,  Pennsylvania,  though  a  small  amount  was  recovered 
as  a  by-product  in  washing  the  monazite  sands  of  the  Carolinas.  Picked 
specimens  of  rutile  crystals  were  shipped  from  these  states  and  from  Magnet 
Cove,  Arkansas,  but  they  were  sold  entirely  to  museums  and  dealers  in 
rare  minerals.  It  is  possibly  due  to  the  lack  of  crystal  form  in  the  Nelson 
County  rutile  that  attention  was  not  sooner  drawn  to  the  Virginia  area. 

In  Europe  the  deposits  at  Kragero,  southern  Norway,  have  been  the 
chief  source  of  rutile  for  many  years,  and  have  supplied  most  of  the  mineral 
used  in  the  manufacturing  industries. 
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The  discovery  of  nitile  in  workable  quantitieB  has  reduced  tiie  cost  of 
titanium  products  and  encouraged  the  search  for  new  nsee  to  which  it 
tni^t  prove  adaptable.  The  most  promising  oeeB  bo  far  annonnced  nrv 
in  the  mannfactuTe  of  ferro-titanium  aod  of  titanium  carbide;  the  former 
being  used  in  the  production  of  special  grades  of  steel,  and  the  latter  in 
making  electrodes  for  arc  lamps.  The  experimental  tests  that  have  been 
made  with  both  of  these  compounds  have  proved  highly  satisfactory,  end 
they  have  recently  been  placed  on  the  market. 

The  manufacture  of  these  compounds  will  necessitate  an  increased 
production  of  mtile,  and  the  development  of  a  large  and  steady  demand 
should  result  in  a  material  reduction  in  cost,  since  operatiim  on  a  larger 
and  more  economical  scale  would  then  he  possible.  With  a  constant  supply 
of  rutile  at  reasonable  cost,  more  uses  for  titanium  may  be  expected  to 
develop. 

To  supply  the  increasing  demand  there  are  only  four  known  localities 
in  the  world  that  promise  to  be  imporiant  factors  in  the  production  of 
rutile,  and  they  are  widely  separated.  Xamed  in  the  order  of  importance 
from  the  standpoint  of  production  these  are:  (a)  The  Amherst- Nelson 
counties  area  in  Virginia,  and  a  recently  discovered  area  of  promise  in 
Goochland  and  Hanover  counties  in  the  same  State;  (b)  the  Era|!ero 
area  in  southern  Norway;  (c)  the  Bay  St.  Paul  area  in  northern  QueW, 
Canada;  and  (d)  a  recently  discovered  area  25  miles  northeast  of  Adelaide 
in  South  Australia.  The  three  foreign  areas  (b),  (c),  and  (d)  are  described 
in  some  detail  on  pages  31-41  of  this  report. 

In  Xorway,  Kragero  is  the  only  locality  where  rutile  has  been  found 
in  cummercial  quantity,  and  this  does  not  approach  the  Virginia  distrii-i 
in  size.  The  rutile  flpparenllv  contains  more  foreign  material,  is  quite 
irregular  in  distribution,  and  can  not  be  concentrated  to  give  as  hif^ 
grade  a  product. 

In  the  Bay  St.  Paul  area,  Quebec,  Canada,  the  mtile  is  apparenily 
quite  pure  in  composition,  but  it  is  so  irregularly  distributed  in  small 
grains  through  masses  of  ilmenite  or  titanic  iron  ore  in  anorthosite  as  to 
render  the  area  uncertain  as  a  source  of  constant,  large  supplies  of  the 
mineral.  This  is  increased  by  the  fact  that  only  a  part  of  the  ibneniie 
masses,  so  far  as  they  have  been  studied,  are  mtile-bearing. 

The  rutile  from  South  Australia  is  apparently  very  pure  in  composition, 
but,  from  what  can  be  learned  of  its  occurrence,  it  is  probably  by  no  metui 
so  extensive  as  the  Virginia  area. 

In  Virginia  there  is  practically  an  unlimited  supply  of  very  pore 
rutile  in  the  Amherst-Nelson  counties  area,  which  can  be  concentrated  to 
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jield  a  Twy  high-grade  product  (over  99  per  cent  TiO,).  This  area  is 
the  largest  iwodncer  of  rutile  at  present,  and  it  will  nndonbtedly  increase 
in  importance  in  the  fatare.  The  prospecting  tiiat  has  been  done  in  the 
more  recently  discovered  deposits  of  rutile  in  Goochland  and  HaooTer 
counties,  Virginia,  enconragea  the  belief  that  these  may  constitute  an  addi- 
tional source  commercially  of  the  mineral  in  the  State.  With  the  develop- 
ment of  new  uses  for  titanium  and  the  consequent  increasing  demand  for 
rutile  the  future  of  rutile  mining  in  Virginia  is  decidedly  encouraging. 

FUnniE  DET£L0PHE5T  OT  BITTILE  MDnRO. 

The  writers  believe  that  the  rutile  segregations  in  the  syenite  will  prove 
to  be  more  important  as  sources  of  rutile  than  the  nelaonite  dikes.  The 
facta  on  which  this  statement  is  based  are  summarized  below. 

In  the  majority  of  the  nelsonite  dikes  ilmenite  largely  predominates 
over  rutile,  although  the  latter  is  usually  present  in  small  amounts.  In 
only  two  localities,  the  Giles  tract  and  the  Warwick  farm,  are  exposures 
of  nelsonite  dikes  found  in  which  rutile  is  an  important  constituent.  On 
the  Giles  tract  the  development  work  is  insufficient  to  show  the  size  of  the 
ore-bodies  and  the  average  proportiou  of  their  constituents,  but  on  the 
Warwick  farm  two  dikes  have  been  opened  to  a  depth  of  100  feet  and  for 
a  distance  of  nearly  200  feet  on  the  strike,  while  on  the  surface  one  of 
them  has  been  proved  by  pits  and  trenches  for  about  500  yards.  In  these 
dikes  the  ratio  of  rutile  to  ilmenite  is  exceedingly  variable,  ranging  from 
a  rock  made  up  almost  entirely  of  rutile  and  apatite  to  one  in  wliich 
ilmenite  is  dominant  and  rutile  practically  absent. 

The  rutile-apatite  ore-bodies  are  largely  irregular  masses  that  grade 
into  the  ilmenite  nelsonite  both  in  depth  and  along  the  strike  of  the  dikes, 
and  there  is  apparently  no  uniformity  in  their  mode  of  occurrence.  Since 
the  rutile  variety  of  nelsonite  is  an  exceptional  occurrence  it  is  unlikely 
that  it  will  be  found  in  masses  as  large  or  as  uniform  in  composition  as 
the  normal  ilmenite  nelsonite  into  which  it  grades.  In  mining  such  ore- 
bodies  they  are  apt  to  pinch  out  or  change  to  the  normal  type  within 
comparatively  short  distances. 

Practically  all  the  syenite  contains  rutile  in  disseminated  grains,  but 
only  in  certain  places  is  it  segregated  in  quantity  sufficiently  rich  to  be 
workable.  These  segregations  do  not  average  as  high  in  rutile  content  as 
the  rutile-apatite  (nelsonite)  masses,  but  they  are  much  more  extensive  and 
the  rutile,  after  aeparalion,  is  exceedingly  pure,  running  in  some  instances 
over  9!(  per  cent  TiOj. 
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Rutile  derived  from  the  syenite  would  be  preferable  in  the  manufacture 
of  ferro-titamum,  as  extremely  small  amounts  of  phosphorus  are  detri- 
mental to  iron  and  steel,  and  the  rutile  concentrated  from  the  nelsonite 
would  necessarily  contain  small  amounts  of  apatite  unless  removed  by 
solution  in  acids.  On  the  other  hand,  the  apatit«  produced  in  miQing 
nttile  vould  be  a  valuable  by-product. 

Underground  mining  with  its  accompanying  expense  is  the  only 
method  adaptable  for  extracting  the  nelsonite  ore-bodies.  The  syenite 
segregations  may  be  worked  for  years  by  means  of  surface  cuts,  and  when 
this  method  is  no  longer  practicable  the  "milling"  process,  or  "glory-hole" 
method  of  mining  may  be  resorted  to,  but  it  is  believed  that  even  cheaper 
methods  would  prove  suitable  for  handling  the  decomposed  portions  near 
the  surface. 

The  rocks  of  this  region  are,  as  a  rule,  covered  by  a  mantle  of  reeidoal 
decay  and,  as  rutile  is  more  resistant  to  the  processes  of  weathering  than 
the  feldspar  of  the  syenite,  it  is  found  in  large  quantities  in  the  soil  and 
decayed  rock  overlying  the  ore-bodies.  These  superficial  deposits  are  often 
richer  in  rutile  than  the  underlying  rock  from  which  they  were  derived, 
as  the  rutile  has  undergone  a  partial  concentration  by  the  removal  of  some 
of  the  lighter  material  with  which  it  was  originally  associated.  Some  of 
these  residual  deposits  could  be  worked  to  advantage  by  hydraulic  methods 
of  mining,  as  there  is  usually  an  abundance  of  water  close  at  hand. 

Kaolin  and  feldspar  are  possible  by-products,  for  in  some  places  the 
rutile-bearing  syenite  is  found  free  from  the  ferro-magnesian  minerals  and 
contains  very  little  quartz. 

FTTT1TRE  FROSPECTIHO  FOB  APATITE. 

Apatite  is  decomposed  by  weathering,  and  is  removed  in  solution  rauch 
more  readily  than  ilmenite  or  rutile,  and  for  this  reason  the  surface 
exposures  of  nelsonite  contain  very  little  apatite,  but  are  usually  pitted 
by  its  removal.  {PI.  XII,  fig.  3.)  Nelsonite,  in  which  ilmenite  or  rutile 
largely  predominates  over  apatite,  would  not  fall  to  pieces  upon  the  removal 
of  apatite;  it  is  nelsonite  of  this  character  that  is  found  outcropping  on  the 
surface  in  many  places  over  the  area.  On  the  other  hand,  a  nelsonite  dike 
in  which  apatite  predominated  would  leave  on  weathering  only  black  sand 
and  would  not  be  found  exposed  at  the  surface,  though  its  presence  might 
be  indicated  by  an  excess  of  black  sand  in  the  soil.  For  this  reason  it  is 
believed  that  the  ore-bodies  richest  in  apatite  are  not  to  be  found  as  surface 
exposures,  but  should  be  sought  for  at  some  depth  below  the  soil  covering. 
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The;  are  more  likely  to  be  found  within  the  borders  of  the  syenite  area,  but 
near  its  contact  with  the  country  gneiss,  and  the  presence  of  much  black 
rand  on  the  surface  may  often  be  considered  a  favorable  indication.  In 
prospecting  for  new  ore-bodies  there  are  many  places  where  it  would  be 
advantageous  to  make  use  of  drill-holes  rather  than  surface  trenches  and 
shafts,  as  has  been  the  custom  in  the  past. 

FITTURE  OF  APATITE  PBODUCTION. 

In  the  Lovingston  district  most  of  the  magnetite-apatite  (nelaonite) 
bodies  that  have  beeo  discovered  are  probably  too  low  in  apatite  to  be 
otilized.  A  number  of  irregular  pockets  and  lenticular  maasea  of  nearly 
pore  apatite  have  been  opened,  but,  so  far  as  developments  show,  they  are 
too  small  in  size  to  be  profitably  worked. 

The  nelsonite  bodies  in  the  Boseland  district  vary  greatly  in  size,  and  in 
the  percentage  of  apatite.  In  length  they  range  up  to  600  or  700  yards,  as 
exposed  on  the  surface,  and  in  width  up  to  65  feet  or  more,  but  as  yet  few 
of  the  ore-bodies  have  been  prospected  in  depth.  The  60-foot  shaft  above 
Bryant  Post-oflSce,  the  shafts  and  drill  holes  of  the  Virginia  PhoBphate 
and  Paint  Company,  near  Roseland,  and  the  shafts  and  100-foot  level  of 
the  General  Electric  Company's  mine,  represent  the  deepest  development 
work  thua  far  undertaken  in  the  district.  These  ore-bodies  have  been  found 
to  a  depth  of  at  least  100  feet,  but  further  exploration  would  undoubtedly 
show  that  the  dikes  continue  to  much  greater  depths.  In  the  exposed  dikes 
the  percentage  of  apatite  varies  from  16  to  31  per  cent,  with  occasional 
masses  of  nearly  pure  apatite,  though  these  are  few  and  smalt  in  size.  The 
analyses  given  on  page  147  show  the  range  in  phosphoric  acid  in  the 
different  ore-bodies.  Samples  taken  from  many  localities  indicate  an 
average  of  about  23  per  cent  apatite  for  the  upper  portions  of  the  dikes, 
but  this  percentage  would  \mdoubtedly  be  higher  if  samples  could  have 
been  obtained  at  greater  depths,  where  the  rock  has  suffered  less  alteration. 

At  present  it  would  not  pay  to  work  such  ore-bodies  for  their  apatite 
content  alone,  in  competition  with  the  phosphate  rock  of  Florida,  South 
Carolina,  and  Tennessee,  which  averages  70  to  80  per  cent  phosphate  of 
lime,  but  the  known  phosphate  desposits  in  this  country  are  limited. 

"The  phosphate  rock  of  South  Carolina  is  nearly  exhausted;  the 
Florida  deposits  have  probably  reached  their  majiimum  production ;  the 
output  of  the  Tennessee  deposits  is  on  the  increase,"  but  at  the  present 
rate  of  production,  they  probably  can  not,  according  to  Van  Horn,  last 
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for  many  years."  In  addition  to  these  localities  frwn  which  nearly  all 
the  phosphate  rock  mined  in  the  United  States  has  in  the  past  beat 
obtained,  there  is  a  number  of  low-grade  deposits  scattered  tbrongh  the 
southern  and  middle  west  states,  and  within  the  last  few  years  a  laige 
area  of  phosphate-bearing  rock  ha^  been  discovered  in  Wyoming,  Idaho. 
and  Utah.  According  to  Van  Horn,  "the  rate  erf  increase  in  prodnctioo 
for  the  last  twenty  years  has  been  117  per  cent  for  each  decade,"  and  the 
increaae  in  production  will  probably  continue." 

When  the  high-grade  phosphate  deposits  become  exhausted  the  SeUon 
County,  Virginia,  apatite  deposits  (nelsonite  bodies)  may  be  profitably 
worked.  If  in  the  meantime  some  use  for  ilmenite  ou  a  large  scale  is 
found  mining  of  the  nelsonite  bodies  in  the  Amherst- Nelson  comitiet 
area  will  at  once  become  profitable,  as  the  ilmenite  can  easily  be  separated 
from  the  apatite.  One  great  advantage  that  the  apatite  deposits  of  thif 
area  have  is  their  close  proximity  to  the  large  pyrite  bodies  of  Louisa 
County,  which  form  one  of  the  principal  sources  of  sulphuric  acid  used  lo 
the  manufacture  of  fertilizers, 

USES  OF  TITANIUM  AND  ITS  COMPOUNDS. 
OENEILAL  STATEMENT. 

Titanium  compounds  have  long  been  used  in  limited  quantities  chiefly 
as  a  refractory  coloring  matter,  but  until  recently  the  production  of  nitile. 
the  principal  commercial  ore  of  titanium,  was  so  uncertain  that  there  wis 
little  inducement  to  develop  industries  dependent  upon  a  steady  supply. 
The  discovery  of  rutile  in  workable  quantities  has  encouraged  the  search  for 
possible  uses,  and  the  development  of  the  high  temperature  electric  fnrnace 
for  metallurgical  purposes  has  made  possible  the  reduction  of  titanium 
from  its  ores  and  the  manufacture  of  many  titanium  compounds  on  i 
commercial  scale. 

Pure  metallic  titanium,  because  of  its  infusibility,  has  found  little  a« 
in  the  arts  and  manufactures  but,  when  alloyed  with  other  metals  and  in 
various  chemical  compounds,  it  is  rapidly  coming  into  various  uses  of 
increasing  importance. 

The  useful  products  into  which  titanium  enters  as  an  important  con- 
stituent may  be  classified  as  follows: 


oVan  Horn,  F.  B.,  Phoapbate  Rock.  Mineral  Resources  of  the  U.  S.  for  1*08.  p. 
0. 
BVm>  Horn.  F.  B.,  Ibid.,  p.  639. 
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1.  MetalUo  hJIoji,  Buch  aa  feno-tituuum  and  cuprotitftuium. 

2.  iDcandeecent  media  for  lighting  purpoMs,  inclndlDg  gaa  mantlM,  arc  lamp 
etectrodes.  and  Qlwnenta  for  iDcaodeaceat  electric  lampa, 

3.  Mord&Qta  u)d  djes  tor  leather  and  textiles. 

4.  Refractory  coloring  material  for  use  in  ceramics  and  the  manufacture  of 
artificial  teeth. 

5.  liliscellaneoua. 

These  prodncts  and  their  uses,  as  detailed  below,  have  been  compiled 
from  private  commanicationB  and  all  literature  on  the  subject  avBilable  to 
the  writers.  For  any  particular  atatement  made  in  the  text  reference  is 
given  when  possible  to  the  original  source  of  information.  The  principal 
references  to  the  literature  covering  uses  of  titanium  ia  given  in  the 
bibliography  on  pages  290-897. 

1.     METALLIC  ALLOTS. 

Alloys  of  titanium  with  various  metals  and  several  compound  alloys 
have  been  made  and  their  properties  studied  but,  so  far  as  known,  ferro- 
titanium  and  cupro-titanium  are  the  only  alloys  that  have  as  yet  been 
placed  on  the  market.  Ferro-titanium  was  one  of  the  first  to  attract  atten- 
tion, its  properties  have  been  thoroughly  tested  and,  within  the  past  four 
years  it  has  sprung  into  commercial  importiince  as  an  agent  for  purifying 
iron  and  steel. 

The  introduction  of  titanium  into  the  metallurgy  of  iron  and  steel 
should  be  credited  very  largely  to  Auguste  J.  Rossi  who,  for  over  thirty 
years,  has  devoted  much  of  his  time  to  the  investigation  of  titaniferous 
iron  ores  and  processes  connected  with  their  utilization.  It  has  been  gen- 
erally held  that  the  smelting  of  such  ores  is  not  economically  possible  at 
the  present  time,  but  this  view  has  always  been  combated  by  Mr.  Rossi," 
and  in  proof  he  has  sighted  the  furnaces  that  have  successfully  operated 
on  titaniferous  ores  in  Sweden,  at  Norton-on-Tee,  England,  and  in  the 
Adirondack  Mountains  of  New  York  state.  In  Germany,  Dr.  Hans  Gold- 
schmidt,  in  his  investigation  of  "aluminothermics,"  developed  the  first 
practical  method  of  reducing  titanium  from  its  ores,  and  greatly  advanced 
the  use  of  the  metal  in  metallurgical  processes.  It  was  the  superior 
qualities  of  pig  iron  derived  from  titaniferous  ores  that  led  to  the  investi- 
gation of  the  influence  of  titanium  on  iron  and  steel,  which  resulted  in 
the  interesting  and  important  discovery  that  the  beneficial  effect  of  that 
metal  is  almost  entirely  due  to  its  high  afiinity  for  oxygen  and  nitrogen. 

I.  TrnnB.  .Ainer.  Init.  Mng.  Engrs..  1802, 
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It  is  well  known  that  metals,  while  molten,  have  the  property  of  abeorti- 
ing  considerable  amonntE  of  gas,  most  of  which  is  expelled  when  the 
metal  is  allowed  to  cool  and  solidify.  The  oxygen  and  nitrogen  taken 
from  the  atmosphere  by  iron  in  the  process  of  smelting  is  partly  combined 
with  the  metal,  but  largely  Beparates  out  on  cooling  to  form  blow  hole; 
and  other  imperfections  in  the  castings.  The  desirable  physical  properties 
of  many  special  steels  are  very  largely  due  to  the  reduction  of  oxides  and 
removal  of  occluded  oxygen  by  the  addition  of  some  element  having  a  high 
affinity  for  that  gas,  bnt  there  are  few  elements  possessing  the  power  to 
combine  with  nitrogen  and  remove  it  from  metals.  Titanium  unites  with 
both  oxygen  and  nitrogen  to  form  stable  compounds  which  are  removed  in 
the  slag,  the  eneigy  of  combination  resalting  in  the  liberation  of  beat 
Titanium  also  acts  as  a  flux  greatly  increasing  the  fusibility  of  the  slags. 

Pig  iron  smelted  from  titaoiferous  ores  contains  only  a  very  small 
amount  of  titanium,  and  it  has  been  found  that  this  is  not  present  in  the 
metallic  state,  but  in  combination  with  carbon  and  nitrogen  as  carbide, 
nitrides,  etc.  Since  pig  iron  does  not  contain  available  titanium,  and  since 
even  the  little  that  may  be  present  is  removed  in  the  process  of  refining 
iron  for  the  purpose  of  making  steel,  the  only  way  to  secure  the  desired 
results  in  the  finished  product  is  to  add  it  in  some  suitable  form  to  the 
molten  metal  just  before  pouring. 

There  are  two  forms  in  which  metal  can  be  introdaced  into  iron: 
(1)  alone  aa  pure  metal,  or  {Z)  as  an  alloy  with  oue  or  more  other  metals, 
ferro-alloys  being  the  commonest.  Owing  to  the  greet  difficulties  con- 
nected with  the  reduction  of  metallic  titanium  from  its  compounds,  the 
cost  of  production  would  prohibit  its  use  even  though  it  were  othenrise 
desirable,  but  experiment  has  shown  that  its  employment  is  impracticable 
and  that  the  use  of  ferro-titanium  is  in  every  way  preferable.  It  is  difficult 
to  incorporate  with  the  molten  iron  an  alloy  containing  a  high  percentage 
of  titanium,  for  the  melting  point  of  the  alloy  increases  and  its  specific 
gravity  decreases  as  the  titanium  content  is  increased.  It  is  therefore 
advisable  to  use  alloys  containing  low  percentages  of  titanium,  and  in  actual 
practice  it  is  found  that  the  best  results  are  obtained  with  an  alloy  con- 
taining less  than  25  per  cent  titanium.  A  10  per  cent  titanium  alloy  is 
infusible  at  the  melting  point  of  cast  iron  and  steel,  but  readily  dissohes 
in  a  bath  of  the  molten  metal.  The  amount  of  ferro-titanium  to  be  used 
varies  with  the  grade  of  iron  to  be  treated  and  the  results  desired,  but  in 
general  it  is  found  that  one  per  cent  or  less  is  all  that  is  necessary.  The 
actual  weight  of  metallic  titanium,  therefore,  amounts  to  only  about  2 
pounds  per  ton  of  metal  poured. 
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The  a<ldition  of  ferro-titanium  is  followed  almost  immediately  by  an 
incrtase  in  temperature  of  the  molten  metal,  6ne  to  the  energetic  com- 
liiDation  of  titanium  with  the  oxygen  and  nitrogen  present.  Stable  oxides 
and  nitrides  are  formed  which  rise  to  the  surface  and  are  removed  as  slag. 
All  the  titanium  passes  off  with  the  slag  unless  more  is  added  than  the 
amount  necessary  to  combine  with  the  objectionable  elements  when  the 
excess  will  remain  in  the  metal.  The  presence  of  titanium  in  iron  and 
steel  produces  no  deleterious  effects  and  may  even  improve  the  metal,  hut 
its  chief  value  is  entirely  due  to  the  removal  of  impurities  and  t!ie  pre- 
vention of  segregation. 

Ferro- titanium  has  been  used  in  the  production  of  high-grade  pig  iron 
and  castings;  it  is  successfully  employed  in  the  Bessemer  and  open  hearth 
processes  for  making  steel,  and  in  the  Tropenas,  Roberts-Bessemer,  and 
other  modified  processes;  and  it  may  be  used  to  improve  the  quality  of 
various  crucible  steels,  such  as  the  chrome,  niclcel,  molybdenum,  and 
tungsten  steels. 

In  most  of  these  processes  it  is  the  general  practice  to  introduce  the 
ferro-titanium  in  the  casting-ladle  after  about  one-third  of  the  molten 
metal  has  run  in;  the  alloy,  broken  into  small  pieces,  being  shoveled  in 
cold  while  the  metal  is  flowing.  When  filled  the  ladle  is  allowed  to  stand 
for  a  few  minutes  before  pouring  in  order  that  the  slag  formed  by  the 
reaction  may  rise  to  the  surface.  When  other  agents,  such  as  ferro- 
manganese  or  ferro-silicon,  are  used  in  the  production  of  special  steels  they 
are  introduced  first,  the  ferro-titanium  being  the  last  added  to  the  bath. 

Iron  treated  with  ferro-titanium  has  increased  fluidity,  the  oaides  and 
nitrides  are  removed  with  most  of  the  slag,  leaving  a  product  that  is 
stroufier  and  more  durable  under  shock  and  strain,  and  the  castings  are 
more  easily  machined,  as  they  heat  less  under  the  tool.  The  depth  of  chill 
is  raised  but  the  chilled  iron  is  harder  and  the  transverse  strength  greater, 
which  makes  it  especially  suitable  for  the  manufacture  of  car  wheels,  dies, 
•lie  blocks,  chilled  rolls,  etc. 

The  ri'sulis  of  tests  made  by  the  United  States  Bureau  of  Slandarda, 
at  Washington,  on  chilled  test  pieces  made  from  strong  car  wheel  iron,  by 
the  National  Car  Wheel  Company,  are  tabulated  below."  The  titanium- 
iron  was  treated  with  one  per  cent  of  ferro-titanium. 

The  improvement  in  the  quality  of  steel  by  treatment  with  ferro- 
titanium  is  even  greater  than  that  of  cast  iron;  the  oxides  and  nitrides 
are  broken  up  and  occluded  gases  removed,  leaving  the  steel  of  greater 

olnfonnstion  furnished  by  Charles  V.  Slocum. 
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Titanium 
Iron 

Plain 
Iron 

inches  .     .. 

0.9967 
f  0.9977 

by 
1.0.9951 

249.100 
(100,000  to 
1 120,000 

O.9970 

ssed  surface, 
e  strength,  p 
mate  elastic 

0.99G9 

Ultima 
Approx 

-ounds  per  square  inch 
limit,  pounds 

0.9969 

212,000 
i  in.m  to 
1   80.0IIO 

Applied  Load 

Length  of  sainiile 

0 
10.000 

I. 0000  inch 
0.9967     " 
0.9967     ■• 
0.9967     " 
0.9966     •' 
0.9965     '■ 
0.9964     " 
0.9961     ■' 
0.9959     " 
0.9951     ■' 
0.9940     ■' 
0.9933     " 

1.0000  inch 

80.000 
85.000 
105,000 

0.9%7     - 
0.9963    - 

120000 

150.000 

200.000 

0.9836    " 

density,  closer  grained,  and  free  from  l)low  liole.s  and  pin  holcn;  llie  piix' 
is  reduced  and  segregations  practically  eliminated;  and  castings  are  free 
from  brittleness,  lieat  less  under  the  tool,  and  therefore  may  be  machined 
more  rapidly  than  other  steels  of  the  same  carbon  content.  The  use  of 
ferro-titanium  does  not  remove  phosphorus  and  sulphur  but,  to  a  certain 
extent,  it  counteracts  the  objectionable  effects  of  both  elements.  Phos- 
piiorus  and  sulphur  form  combinations  with  the  iron  and  manganese  and 
segregate  out  with  the  carbides,  stag  and  other  impurities,  the  tendency 
being  to  concentrate  along  the  axis  of  the  ingot  near  the  top.  Titaniaiu 
increases  the  slag  removed  and  by  preventing  segregation  produces  a  more 
homogeneous  material.  Microscopic  examinations  of  polished  sections  show 
very  few  slag  inclusions,  and  when  etched  with  cupro-ammonium  or  similar 
reagents  the  usual  phosphoru.'^  and  sulphur  segregations  are  found  to  Ix; 
surprisingly  scarce.  Chemical  analyses  of  the  different  portions  of  an 
ingot  give  confirmatory  proof  of  their  homogeneity  in  composition. 

TiTaiment  with  titanium  alloy  is  found  to  raise  the  elastic  limit  of 
steel,  increa.se  the  tensile  strength,  and  at  the  same  time  increase  its 
elongation  ami  contraction.  Tests  made  at  the  Watertown  Arsenal,  wilh 
the  use  of  ferro-titanium  in  the  manufacture  of  steel  by  the  Tropeims 
process,  show  that  the  mean  tensile  strength  was  increased  from  Ji.S'i'' 
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pounds  per  square  inch  to  50,000  pounds  per  square  iuch ;  tliat  the  mean 
elongation  was  increased  from  15.1  per  cent  to  19.2  per  cent;  and  that 
the  mean  contraction  was  increased  from  18.9  per  cent  to  34,3  per  cent. 

The  use  of  ferro-titanium  in  making  Bessemer  steel  for  rails  has  proved 
of  the  greatest  importance.  The  iirst  large  scale  experiments"  with  the 
alloy  in  this  country  were  made  at  the  works  of  the  Maryland  Steel  Com- 
pany, Sparrow  Point,  in  Xovember,  1907;  several  railroad  companies  began 
exhaustive  tests  of  titanium  rails  in  li)08;  and  during  the  year  190!*, 
35,945  tons  of  titanium  rails  were  roiled  in  the  United  States,"  while  in 
1910  the  output  increased  to  a  total  of  195,940  tons.*^ 

The  results  of  comparative  tests  made  by  the  \ew  York  Central  rail- 
road, on  a  cross-over  with  10  per  cent  curve  carrying  a  heavy  tonnage, 
showed  that  in  6  months  the  flange  wear  of  titanium  rails  was  less  than 
one-third  that  shown  by  the  ordinary  Bessemer  rails  in  4  months;  the 
loss  being  J. 103  pounds  per  yard  for  the  titanium  rail  as  against  3.59 
pounds  per  yard  for  the  Bessemer.''  The  rails  weighed  100  pounds  per 
yard  and  both  kinds  had  the  following  average  analysis: 


/'crwnf. 

MaUKaneso    

0.96 

Pho-siihonis   

<1.095 

On  October  7,  IWH.  the  Baltimore  and  Ohio  Railroad'  laid  17  titanium 
rails  and  7  Bessemer  rails  on  Kes.sler's  Curve  of  the  Cumberland  Division, 
West  Virginia.  This  is  a  9-degree  curve  of  6|/2-inch  rail  elevation,  and 
both  the  grade  and  the  traffic  are  heavy.  All  the  rails  were  of  the  same 
weight,  100  pounds  per  yard,  and  they  were  distributed  on  both  the  high 
and  low  sides  of  the  track.  Diagrams  of  these  rails  were  taken  at  intervals 
of  two  to  three  weeks.  On  July  8,  1909,  after  exactly  9  months  of  service, 
the  average  loss  by  wear  from  the  Bessemer  rails  was  greater  by  294  per 
cent  than  for  the  titanium  rails. 


iTItanium  Rails.  Railroad  .Ajje  Gazette,  Nov.  12.  1909,  vol.  xlvii,  p.  !104. 
von  Maltitz,   Kd..  The  Effect  of  TiUQium   on  Steel  with   Partieular   Reference 
to  Rails.  Stahl  und  Risen,  No.  41,  IDOfl. 

Sloeum.  Charles  V.,  The  Use  of  Titanium  in  Steel  tor  Rails.  Car  Wiieels,  Etc.. 
Blectrocheniical   and  Metallurgical   Industry,   19011,  vol.  vii,   pp.   12R-l.tO. 

bTotal  Produetion  of  Rails  in  1H09,  Bull.  Amer,  Iron  and  Steel  A*m..  March  1, 
1910. 

<TTie  Iron  Ape,  Feb.  23.  1911.  p.  461. 

'I'ltanium  Rails.  Railroad  Age  fiH/plte.  Nov.   12.  1099.  vol    xlvii,  p.  904. 

'Information  furnished  liv  Mr.  (has.  V.  SIncuni. 
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The  lose  for  the  Bessemer  rails  varied  from  2.970  ponnds  per  yard 
to  7.029  pounds  per  yard,  with  an  average  of  4.861  ponnds  per  yard.  The 
analyses  of  these  rails  were  as  follows: 

Carbon   55    and  .54 

Phosphorus   068    "     .070 

Manganese   87      "     .83 

Sulphur   069    "     .073 

Silicon    092    "     .092 

The  loss  for  the  titanium  rails  varied  from  1.020  pounds  per  yard  t« 
8.778  pounds  per  yard,  with  an  average  of  1.649  pounds  per  yard.  The 
analyses  of  these  rails  were  as  follows : 


701  and  .481 

Phosphorus    

086    "     .075 

Manganese 

92      "     .18 

Sulphur  

048    "     .034 

Nitrogen   

004    "     .005 

There  was  only  one  low  manganese  (0.18  per  cent)  rail  laid  and  the 
loss,  1.881  pounds  per  yard  in  9  months,  would  indicate  that  less  manganese 
is  necessary  when  the  steel  is  treated  with  titaninm. 

In  October,  1909,  after  one  year  of  service,  the  titanium  rails  were 
still  in  good  condition,  and  the  durability  test  was  beiog  continued  by 
comparing  with  a  second  set  of  standard  Bessemer  rails,  the  first  set 
having  been  worn,  out  and  replaced.  At  this  time  the  titanium  rails  shoired 
more  than  300  per  cent  increased  durability  over  the  Bessemer  rails." 

The  metallurgy  of  titanium  and  the  method  of  making  titanium  alloys 
are  described  on  pages  2-4  and  288-289.  Ferro- titanium,  unknown  until 
recently,  has  suddenly  assumed  great  importance  and  there  is  every  reason 
to  believe  that  it  will  be  used  hereafter  in  steadily  increasing  quantities  in 
the  manufacture  of  high-grade  iron  and  steels. 

In  Europe  the  so-called  ferro-titanium  thennit^  has  been  used  inslead 
of  ferro-titanium  to  improve  the  quality  of  iron  and  steel  castings.  The 
"thermit"  was  developed  by  Dr.  Hans  Goldschmidt,  and  consists  of  an 

oElectrocheinical  and  Metallurffieal  Industrf,  1909,  vol.  vii,  p.  498. 

BGoldachmidt,  Hbub,  AlumiDOUiermiM,  Klectrochemlcal  ludUBtry,  1903,  vol  i, 
pp.  527-534. 

Rossi,  A.  J.,  Ferro  Alloya;  Their  Ubca  in  the  Iron  Induatr^.  Casskr's  ^taraziiK, 
1906,  vol.  28,  pp.  360-369. 
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istmiate  mixture  of  powdered  aluminnm  and  the  oxides  of  iron  and 
titanium  in  the  proper  proportion  to  secure  complete  reduction  of  the 
oxides  bj  the  aluminum.  TMb  mixture,  confined  in  a  sheet-iron  box  on 
the  end  of  an  iron  rod,  is  stirred  into  the  molten  metal,  the  temperature  of 
which  is  STifBcient  to  start  the  reaction;  titanium  is  rapidly  reduced  by 
the  aluminum,  immediately  combines  with  any  nitrogen  or  oxygen  present, 
and  the  cyanonitride  of  titanium,  which  is  formed  altogether  with  the  oxidee 
and  other  impurities,  pass  into  the  slag.  The  temperature  of  the  molten 
metal  is  raised  by  the  heat  set  free  as  a  result  of  the  reaction,  and  its 
fluidity  is  greatly  increased.  It  is  claimed  to  he  particularly  beneficial 
in  cast  iron.  As  a  result  of  the  increased  fluidity  the  iron  gives  castings 
that  are  more  dense  and  finer  grained,  a  quality  that  ie  especially  valuable 
for  parts  requiring  a  smooth  finish,  and  which  may  be  subjected  to  high 
pressures  and  great  friction. 

An  alloy"  containing  iron,  titanium,  silicon,  and  carbon  has  recently 
been  introduced  as  an  agent  for  refining  steel.  The  titanium  is  believed 
to  act  chiefly  upon  the  occluded  nitrogen  and  the  silicon  upon  the  hydrogen 
and  dissolved  oxides.  The  alloy  is  added  to  the  molten  metal  at  the  time 
of  casting  exactly  as  in  the  use  of  ferro-titanium.  It  is  prepared  in  the 
electric  furnace  by  either  (1)  the  reduction  with  carbon  of  a  charge  con- 
taining the  oxides  of  titanium  and  silicon,  or  (2)  the  reduction  of  titanium 
dioxide  with  carbon,  ferro-silicon,  or  silicon  being  incorporated  in  the 
charge  or  added  to  the  bath.  The  following  is  an  analysis  of  a  sample 
of  the  alloy : 

Percent. 

Iron   43.G9 

Titanium    33.70 

Silicon   14.23 

Carbon  8.32 

Aluminum    0.08 

Calcium  Trace 

This  alloy  was  patented,*  in  1909,  and  as  yet  little  has  been  made  known 
relative  to  its  production  and  properties. 

Cupro-titanium,  an  alloy  of  titanium  with  copper,  is  used  to  improve 
castings  of  copper  and  brass,  the  procedure  being  practically  the  same  as 
that  employed  in  introducing  ferro-titanium  into  iron  and  steel.  Copper 
when  molten  very  readily  absorbs  gases  and  becomes  oxidized ;  upon  cooling 
these  gases  are  largely  given  off,  producing,   in  some  cases,   ebullitions 

,  vol.  vii.  p.  .53S. 
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sufficiently  violent  to  interfere  with  the  process  of  making  castings  and 
leaving  the  product  full  of  blow  holes  and  imperfections.  For  this  reawn 
copper  can  not  be  cast  in  sand  directly  from  crucibles,  or  in  sand  molds 
made  in  flasks,  or  such  molds  as  are  used  for  casting  pig  iron.  The 
addition  of  a  small  amount  of  titanium  in  the  form  of  a  copper  alloy  is 
claimed  to  secure  perfectly  solid  castings  absolutely  free  from  blow  holi'>.° 
As  manufactured  at  present  the  alloy  contains  from  5  to  12  per  cent  of 
titanium.  Cupro-titanium  was  only  recently  placed  on  the  market  ami  as 
yet  very  little  has  been  published  relative  to  its  use, 

2.     IKCAITOESCENT  MEDIA. 

The  use  of  titanium  in  the  metallic  state,  or  in  combination  with 
other  elements  as  incandescent  media  for  lighting  purposes,  is  one  of  the 
most  important  that  has  been  developed.  Titanium  compounds  have  been 
employed  in  making  mantles  for  gas  lights,  in  the  manufacture  of  electrodes 
for  are  lamps,  and  in  the  formation  of  filaments  for  use  in  the  incandescent 
electric  lamp.  Considerable  experimentation  and  research  work  have  been 
devoted  to  the  perfection  of  the  various  titanium  lights,  but,  from  a  com- 
mercial standpoint,  the  greatest  progress  has  been  made  in  the  develop- 
ment of  electric  lights,  especially  the  arc  lamp.  The  value  of  titanium 
and  its  compounds  Ols  luminants  is  due  to  their  high  fusion  and  vapori- 
zation points,  to  their  radiation  efticiency  and,  in  the  case  of  arc  lamps, 
to  the  spectrum  furnished  by  titanium,  which  is  one  of  the  richest  given 
by  any  of  the  elements  so  far  as  the  number  of  lines  is  concemeti. 

A  number  of  years  ago  one  of  the  large  electrical  companies  in  this 
country  began  a  series  of  experiments  in  order  to  ascertain  what  available 
material  would  give  the  maximum  light  efficiency  when  used  as  arc  lamp 
electrodes.  Many  substances  were  tried,  but  it  was  found  that  those  con- 
taining the  element  titanium  gave  the  highest  efficiency  in  candle  power 
[wr  watt  consumed.''  It  is  stated  that  as  far  hack  as  1878,  Thomas  .\. 
Kdisnn  took  out  a  patent  in  Kngland  for  the  use  of  titanium  o.tide  {rutilel 
in  arc  lamiis."-*  The  first  I'nited  States  patent  mentioning  the  use  of  any 
compound  of  titanium  in  the  construction  of  arc-lamp  electrodes  was 
issued  on  February  18,  18!)0.     In  making  the  electrodes  it  was  proposed 

"KlM'tTDclii^niical  and  M^tnllurgkal  InduKtrv,  lOOtl.  vol.  vji,  p.  H8. 
Letters  of  Patent   Nos.   700,244;     877,518';     005.232;    and   Reissue  No.   I2,:W 
granted  (o  Auguste  J.  RosBi. 

bWeedon,  \V.  S.,  Traiin.  Anier.  Hlwtrocheniicol  Soc,   11)00,  vol.  xvi,  pp.  217-227. 
cHi-s-f,  F.  L..  .Mineral  Resources  of  the  U.  S.  lor  1007,  pt.  1,  p.  721. 
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to  add  to  the  carbon  some  difficultly  fueible  substance,  such  as  titanic  iron 
(ilmenite)  in  order  to  improve  tlie  steadiness  and  intensity  of  the  light. 

For  several  years  past,  rutile  has  been  quite  extensively  employed  in 
the  manufacture  of  the  so-called  magnetite  are-lamp  electrodes,  which, 
because  of  their  long  life  and  small  cost  of  maintenance,  give  promise  of 
superseding  the  enclosed  carbon  arc  lamp  for  street  ligliting,"  The  cathode 
of  the  magnetite  lamp  consists  of  a  mixture  of  the  oxides  of  iron,  titanium, 
aod  chromium  which  are  present  in  the  form  of  the  minerals  magnetite, 
rutile,  and  chromite.  The  magnetite  particles  make  the  arc  stream  a  good 
conductor,  but  they  are  not  very  luminous;  the  high  luminous  efficiency 
is  due  to  the  incandescent  particles  of  titanium  oxide  carried  into  the  arc 
stream  by  the  electric  current;  and  the  chromite  is  introduced  to  retard 
the  rate  of  consumption  and  increase  the  life  of  the  electrode.  The  rutile 
is  finely  powdered,  and  in  quantity  varies  from  15  to  20  per  cent  of  the 
mixture.  The  oxide  of  iron  gives  conductivity  to  the  electrode  when  cold, 
the  other  oxides  being  conductors  only  when  hot. 

The  advantages  of  the  magnetite  arc  lamp  as  compared  with  the  common 
carbon  arc  lamp  are  longer  life,  higher  efficiency,  and  a  better  distribution 
and  color  of  light.  These  lamps  operating  on  a  4-ampere  current,  with 
approximately  67  to  70  volts,  will  give  a  liglit  equal  or  superior  to  that  of 
a  6.6-ampere,  'JS-volt  direct  current,  enclosed  carbon  arc  lamp."  The 
magnetite  arc  lamp  can  not  be  used  on  an  alternating  current  system. 

In  January,  laOT.  a  pateuf^  was  granfi'd  for  an  arc-light  [jencil  con- 
sisting wholly  or  in  part  of  an  alloy  of  titanium  with  some  metal,  such  as 
iron,  possessing  greater  electrical  conductivity.  Such  electrodes  have  been 
made  directly  from  ferro-titanium,  or  from  a  mixture  of  magnetite  and 
rutile,  the  oxides  being  subsequently  partly  reduced.  The  latter  are  said 
to  give  the  best  results.  The  light  produced  by  these  electrodes  appears 
to  the  eye  as  yellowisli-white  in  color.  The  spectroscope  shows  the  entire 
spectrum  with  special  brilliancy  in  the  bright  yellow  portion,  and  the 
neighboring  light  green  and  orange.  The  size  and  lengtli  of  the  arc, 
which  produces  most  of  the'  light,  soften  the  sharpness  characteristic  of 
the  open  carbon  arc.''  .\mong  the  advantages  claimed  are,  greater  dura- 
bility, lower  amperage  required  for  the  operation,  and  a  light  that  will 

"Barrows,  VV.  E.,  Kleirtriciil   [lluniinnting  Engineering. 

ftLittle,  Gen.  M..  New  Development b  in  Arc  Lsmp  and  HirIi  Efficiency  Electrodes, 
National  Electric  Li^lit  Abso.,  Washington  meeting.  IBOT. 

cLetUrs  of  Patent  No.  fi40,(J34. 

(ILailoir.  Isndor,  1  he  Titanium  Are,  Jour.  Indust.  and  Eng.  fhem,,  100!),  vol.  I, 
No.  10. 
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avoid  the  disproportion  of  red  or  other  color  lines  objectionable  in  carboc 
pencils,  approaching  more  closely  the  whitenese  of  sunlight;  the  so-called 
"crater"  formed  during  the  passage  of  a  current  in  the  positive  carbon- 
electrode  is  eliminated,  and  the  most  intense  beat  and  light  are  located  at 
the  upper  surface  of  the  negative  electrode. 

More  recently  a  number  of  patents  have  been  issued  covering  the  nee 
of  titanium  carbide  (TiC),  alone  or  mixed  with  other  substances,  in  the 
manufacture  of  electrodes;  and  during  the  last  few  years  much  effort  has 
been  devoted  to  the  perfection  of  this  type  of  light.  The  best  results  are 
said  to  be  obtained  when  the  titanium  carbide  electrode  is  used  as  the 
cathode  placed  below  an  anode  of  copper,  the  latter  being  inactive  and  not 
wasting  appreciably.  In  some  of  the  lamps  the  anode  is  composed  of 
carbon  or  of  a  shell  of  carbon  containing  a  core  made  from  a  mixture  of 
titanium  carbide  and  carbon  in  the  approximate  ratio  of  9  to  1. 

The  titanium  carbide  electrodes  that  have  been  used  vary  somewhat  in 
composition,  chiefly  in  the  proportion  of  titanium  carbide  to  carbon  which 
is  usually  mixed  with  the  former  in  making  the  electrodes.  There  are 
several  grades  of  carbide  on  the  market,  some  containing  a  little  carbon 
in  the  form  of  graphite,  some  a  small  amount  of  metallic  titanium  or 
oxide  of  titanium,  while  others  contain  more  or  less  iron.  The  first-named 
impurities  are  not  especially  detrimental,  hut  it  is  desirable  to  free  the 
carbide  from  any  iron  or  silicates  that  tend  to  reduce  the  melting  point  of 
the  electrode,  as  they  interfere  with  the  proper  operation  of  the  arc. 

In  one  type  of  electrode  the  titanium  carbide  is  surrounded  by  an  iron 
tube,  and  in  another  the  electrode  is  plated  with  copper;  these  devices 
being  used  in  order  to  increase  the  conductivity  and  prevent  oxidation 
during  the  burning  of  the  lamp. 

It  has  been  found  that  titanium  carbide  electrodes  permit  a  longer 
arc  to  be  drawn  for  the  same  potential  and  current  than  corresponding 
electrodes  of  carbon,  and  that  tliey  are  much  more  steady  and  smooth  in 
action,  being  almost  free  from  hissing  and  decrepitation.  In  a  plain 
carbon  arc  nearly  all  the  light  radiates  from  tlie  incandescent  electrodes 
and  very  little  light  is  given  by  the  arc  stream  itself;  the  arc  obtained 
from  the  titanium  carbide,  on  the  other  hand,  possesses  an  extremely 
luminous  inner  path,  while  little  light  is  derived  from  the  outer  mantle, 
and  none  whatever  from  the  electrodes.  They  are  much  more  durable 
than  the  carbon  electrodes. 

The  efGciency  of  the  titanium  arc  is  much  greater  than  for  the  carbon 
fith  increase  in  the  current  density,  and  with  increase  in 
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the  length  of  arc.  At  3  amperes,  103  volta,  and  1  inch  arc  length,  1,355 
horizontal  candle  power  has  been  obtained  with  an  efficiency  of  4.38 
horizontal  candle  power  per  watt." 

Titanium  suboxide  has  also  been  used  in  making  electrodeB,  and,  as 
with  the  carbide,  it  is  preferable  to  nse  them  for  positive  electrodes,  while 
the  negative  electrodes  are  fonned  of  some  good  conductor  Buch  as  copper. 
These  electrodes  do  not  reqnire  any  special  treatment  to  increase  their 
conductivity,  as  titanium  suboxide  is  a  good  condnctor  of  electricity  at 
ordinary  temperatures.  The  arc  is  almost  identical  in  character  with  that 
of  the  carbide  lamp  and  the  light  distribution  is  the  same,  but  it  is  steadier 
in  operation  and  has  greater  efficiency.  The  horizontal  candle  power  at 
3.4  amperes,  seven-eighths-inch  arc  length  and  100  volts  is  2,100,  with  an 
efficiency  of  6.17  horizontal  candle  power  per  watt.  The  chief  objections 
to  the  suboxide  electrodes  are  the  somewhat  rapid  consumption  and  the 
formation  of  troublesome  deposits  on  the  anode.  They  can  not  be  used 
with  the  alternating  current. 

With  both  the  titanium  carbide  and  the  suboxide  electrodes  it  is  neces- 
sary to  use  a  special  starting  device  as  a  nonconducting  layer  of  titanium 
dioxide  tends  to  form  at  the  tips  which  causes  difficulty  in  starting  after 
the  lamp  has  once  cooled  down. 

The  titanium  carbide  nsed  in  the  manufacture  of  electrodes  is  made 
from  rutile  by  mixing  the  ore  with  an  excess  of  carbon  in  the  form  of 
ground  coke,  and  heating  to  the  highest  temperature  obtainable  in  the 
electric  furnace;  the  reduction  of  titanium  dioxide  and  the  formation  of 
the  carbide  taking  place  at  one  operation.  The  furnace,  which  is  of  fire 
brick,  is  filled  with  a  mixture  of  rutile  and  coke,  and  a  heavy  electric 
current  is  passed  through  the  mass,  the  electrodes  being  placed  in  the  center. 
Titanium  carbide  ia  formed  only  in  the  central  portion  of  the  furnace,  the 
unreduced  material  surrounding  it  serving  to  prevent  the  entrance  of  air 
and  the  formation  of  nitrides.  The  product  obtained  is  a  porous  honey- 
combed mass,  silver  white  in  color,  that  shows  a  tendency  to  crystallize  in 
beautiful,  small  cubes  the  sides  of  which  are  hollow. 

Titanium  suboxide  is  formed  by  mixing  7  parts  of  rutile  with  one  part 
of  carbon  and  heating  in  the  electric  furnace.  Its  preparation  is  com- 
paratively easy,  since  the  melting  point  of  the  product  is  much  lower  than 
that  of  the  carbide- 
Incandescent  electric  lamps  with  filaments  containing  titanium  have 
been  placed  on  the  market  within  the  last  few  years,  but  because  of  the 
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problems  connected  with  the  redaction  of  metallic  titaniimi  from  its  ores, 
the  difficulty  of  drawing  titanium  wire,  and  its  high  affinity  for  ozTgen 
and  nitrogen,  they  have  not  been  manufactured  on  an  exteneive  scale. 
Experiments  are  now  being  conducted  by  several  electric  firms  with  the 
object  of  improving  the  methods  of  production  and  decreasing  the  cost  of 
the  lamps,  and  many  patents  have  been  issued  in  the  United  States  aod 
foreign  countries  covering  the  use 'of  titanium  in  various  forms  as  a  com- 
ponent of  incandescent  lamp  filaments.  As  yet  little  has  been  made  public 
concerning  the  manufacture  of  these  filaments. 

The  ordinary  carbon  filament  of  incandescent  electric  lamps  is  not  an 
efficient  light  producer,  as  the  greater  portion  of  electrical  enei^  is  lost 
in  the  form  of  heat.  This  is  because  the  filaments  are  destroyed  wheD 
subjected  to  intense  white  heat  by  the  conversion  of  the  amorphous  carbon 
of  which  they  are  composed  into  graphite  of  increased  density.  This 
alteration  takes  place  gradually  when  they  are  heated  to  the  lower  tempera- 
tures in  ordinary  use,  and  finally  results  in  breaking  the  filament. 
Titanium  and  many  of  its  compounds  remain  unaltered  at  high  tempera- 
tures, offer  sufficient  resistance  to  the  passage  of  an  electric  current,  and 
when  heated  to  incandescence  emit  an  intense  light  of  high  quality. 

The  melting  point  of  titanium  is  said  to  be  about  200°  C.  higher  than 
tungsten,  with  a  higher  electrical  resistance  than  that  metal,  so  that  its 
efficiency  as  a  Inminant  is  considerably  greater.  Filaments  made  of  pure 
metallic  titanium  are  capable  of  standing  a  much  higher  temperature 
than  any  form  of  carbon  or  its  compounds.  They  must  be  used  in  a 
vacuum,  or  neutral  gas,  to  prevent  oxidation  of  the  metal.  It  is  claimed 
that  they  give  a  greater  light  for  the  same  expenditure  of  energy  than 
any  form  of  electric  Inminant  hitherto  known,  this  being  attributed  to  tlie 
better  radiation  from  a  smooth  shiny  surface,  the  high  temperature  co-  . 
efficient,  and  the  high  temperature  which  the  filaments  can  withstand. 

Filaments  of  titanium  alloys  have  been  made  in  various  ways;  of  Ihe 
oxides  of  titanium  alone,  or  combined  with  the  oxides  of  other  metals,  and 
of  titanium  carbide  and  other  titanium  compounds. 

As  compared  with  lamps  u.sing  tlie  ordinary  carbon  filaments  the 
titanium  lamps  have  a  greater  length  of  life,  a  higher  initial  eflRciency,  and 
the  decrease  in  efficiency  is  less  throughout  the  life  of  the  lamp.  Because 
of  their  positive  temperature  coefficient  the  metal  filaments  have  consid- 
erable inherent  regulation  so  that  the  light  is  not  as  sensitive  to  the  voltage 
variations  of  a  badly  regulated  circuit.  Slorcover  excessive  voltages  cither 
momentary  or  continuous  have  less  effect  on  the  life  of  the  lamp.     In  the 
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metallic  iilanieat  the  current  is  greater  at  the  metant  of  closing  the  circuit 
than  it  is  a  moment  later  but,  in  the  carbon  filament,  the  reverse  is  true. 
It  is  believed  that  the  intense  white  light  emitted  by  titanium  filaments  is 
due  to  selective  radiation  and  temperature  effect  rather  than  preponderance 
of  certain  color  lines. 

3.    HOBDANTS  AND  DYES. 

The  first  rcconlcd  attempt  to  utilize  titanium  compounds  for  coloring 
textiles"  was  made  by  an  English  firm  about  10  years  ago.  Titanium 
ammonium  oxalate  was  prcparoil  from  rutile  by  a  rather  tedious  and  com- 
plicated process  but  the  cost  of  manufacture,  together  with  the  high  price 
of  titanium  ore  at  that  tiiiu',  made  the  protiuct  most  too  expensive  for 
ordinary  commercial  use. 

On  December  5,  1896,  H.  \V.  Kearns  and  Dr.  Barness  applied  for  a 
patent  on  the  use  of  titanium  anil  tannic  compounds  for  coloring  vegetable 
fibres.  Dr.  Franz  Erben*  proved  that  a  fibre  treated  with  a  tannin  com- 
pound and  then  with  titanium  ammonium  o.xalate  was  given  a  saturated 
golden  yellow  color  of  great  durability,  able  to  withstand  the  action  of 
boiling  and  wa.-ihing.  The  color  produced  in  this  way  is  said  to  be  superior 
lo  that  obtained  by  the  action  of  chlorinatt-d  primaline  and  even  the  beat 
sulphur  colorings.  Any  desired  shade  of  yellow  or  orange  can  be  secured 
by  the  addition  of  auranein  0  or  0,  acid  orange  or  similar  products,  and 
many  other  colors  such  as  red,  green,  blue,  etc.,  may  be  improved  by  the 
use  of  a  tannin-titanium  base  with  various  basic  coloring  matters. 

Several  other  titanium  salt."  have  been  used  in  a  similar  way,  but  at 
present  titanium  potassium  oxalate  (TiOCjO,KjC'jO,.lljO)  is  probably 
more  extensively  usi-d  as  a  mordant  and  dye  in  the  textile  industries  than 
any  of  the  others.  It  is  obtained  in  fine  white  crystals  which  do  not  alter 
on  keeping  and  which  are  readily  soluble  in  warm  water,  giving  a  clear 
solution. 

Used  alone  the  titanous  salts  act  as  powerful  mordants,  yielding  fast 
bright  colors  intermediate  in  shade  between  those  produced  by  chromium 
and  aluminum.  These  colors  are  far  brighter  and  clearer  than  the  shades 
obtained  from  chromium  salts,  wliile  they  have  equal  and  in  some  cases 
greater  fastne-^a  to  light,  washing,  milling,  etc.  As  compared  with 
i^hromium  salts  the  principal  advantages  of  titanium  are  as  follows: 

"LailnB.  I«ador,  The  Twhnicat  Application  of  Titnnium,  Jour.  Imlust.  and  Etig. 
Chcni..   11)09,  vol.  1,  p|».  642-044. 
ftCheni.  Zeit..  No.  14,  1005. 
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(a)  The  dyeing  may  be  done  in  a  single  bath  exactly  as  with  acid  dye. 

(b)  The  colors  produced  are  so  bright  that  compound  shades  may  be 
obtained  by  mixtures  of  mordant  dyes,  which  are  as  bright  as  compound 
acid  dye  shades  while  possessing  the  fastness  characteristic  of  the  mordant 
dyes, 

(c)  When  the  mordant  colors  are  used  with  chromium  it  has  not  been 
possible  to  obtain  light,  pale  shades,  but  with  titanium  all  shades  do«^ 
to  the  very  palest  pinks  and  blues  may  be  produced  in  the  single  bath 
process. 

Titanium  compounds  are  now  successfully  used,  both  in  this  country 
and  in  Europe,  as  mordants  and  dyes  for  wool,  cotton,  and  similar  textiles, 
and  they  may  also  be  used  in  the  same  way  to  color  and  mordant  paper  or 
paper  pulp. 

TitanouB  chloride  (TiCl,)  and  titanous  sulphate  (Ti,(SO,),)  have 
recently  been  introduced  in  the  texiie  coloring  industries,  and  are  now 
manufactured  on  a  commercial  scale  in  the  United  States  and  Europe. 
It  is  claimed  that  they  are  the  most  powerful  soluble  acid-reducing  agents 
known,  being  far  more  efficient  than  stannous  chloride,  which  has  hitherto 
constituted  the  best  acid-reducing  agent  for  use  in  dyeing  and  printing 
textiles. 

In  textile  printing  titanous  salts  may  be  used  either  for  discharge  or 
for  resist  work.  They  are  especially  useful  for  discharging  the  direcc 
colors  and  readily  act  on  such  colors  as  chrysophenine,  whicii  are  scarcely 
affected  by  stannous  chloride. 

These  salts  are  also  used  as  stripping  or  bleaching  agents.  In  dyeing 
textiles  such  as  cotton,  wool,  and  silk  it  sometimes  happens  that  a  wroDg 
shade  is  produced  or  that  the  dyeing  takes  place  unevenly.  When  this 
occurs  it  is  necessary  to  either  strip  and  re-dye,  or  dye  a  darker  shade.  For 
stripping,  the  ordinary  bleacliing  agents,  such  as  bleaching  powder  or 
hypochlorite  of  soda,  are  not  suitable  for  most  colors,  since  they  woul*i 
have  to  be  used  in  such  concentration  as  to  make  the  injury  of  the  goods 
probable.  If  such  dyed  goods  are  run  through  a  hot  dilute  solution  of 
one  of  the  titanous  salts  the  destruction  of  the  color  takes  place  in  less 
than  one  minute  without  injury  to  the  material,  which  may  be  washed  and 
then  re-dyed.  Titanous  salts,  in  very  dilute  solutions,  are  used  to  clear 
up  the  white  portions  of  fancy  colored  goods. 

A  double  compound  of  titanous  sulphate  (sesquisulphate)  and  sodium 
sulphate,  of  the  composition  (after  drying  in  a  vacuum)  N'a3S0,Ti  (SO,),.- 
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5H,0,  has  been  produced.  It  is  said  to  be  a  powerful  reducing  agent, 
especially  suitable  for  use  in  the  textile  industry." 

Tbe  double  pyrophosphates  of  titanium  and  an  alkali  metal  have 
recently  been  obtained  and  a  patent  granted  covering  their  use.  These 
double  salts  may  be  applied  to  textiles  and  other  aubstancea  without  injury 
to  the  texture  or  material." 

Titanium  salts  are  now  employed  in  both  Europe  and  America  as 
mordant  and  dye  in  the  manufacture  of  leather  goods,  having  proved  of 
especial  value  for  use  on  chrome  tanned  leathers.  Potassium  titanium 
oxalate  is  the  salt  that  has  found  the  most  extensive  use  for  this  purpose. 
It  serves  as  an  excellent  direct  dye  for  tanned  leathers,  producing  a  fast 
yellowish-brown  color,  unaffected  by  light,  alkaline  salts  or  rubbing,  and 
therefore  especially  suitable  for  shoe  leather.  This  yellow-tan  shade  m&y 
be  modified  by  varying  the  tannin  material  and  by  the  addition  of  other 
dyes. 

Potassium  titanium  oxalate  fixes  the  tannin  in  the  leather  by  forming 
an  insoluble  yellowish-brown  titanium  tannate  on  the  fibre  of  the  material, 
and  is  a  great  improvement  over  tartar-emetic  which  has  hitherto  been 
used  for  this  purpose.  The  color  obtained  in  this  way  forms  an  excellent 
base  for  the  production  of  other  colors  except  bright  blues,  with  which  the 
yellow  color  of  the  titanium  tannate  interferes.  Other  mordants,  such  as 
the  similar  antimony  salt  which  has  formerly  been  used  to  fix  the  tannin 
in  leathers,  give  no  color.  Therefore  when  it  is  desired  to  produce  a  com- 
pound color  in  which  yellow  enters  as  a  component  a  large  saving  in  time 
and  dyestuffs  results  from  the  use  of  titanium  mordant. 

On  chrome  tanned  leather  potassium  titanium  oxalate  used  as  a  mordant 
for  dyewood  colors  gives  the  following  shades : 

With    Fustic   Extract,    a   jel  lo  wish -brown. 
With  Lima  Extract,  a  bluish-red. 
With  Cuba  Extract,  a  light  brown. 
With  Sumach  Extract,  a  lemon  jellow. 
With  Logwood  Extract,  a  violet  and  a  black. 

By  judicially  mixing  the  dyewoods  an  unlimited  number  of  shades  can 
be  obtained.  Titanium  potassium  oxalate  used  as  a  striker  for  logwood 
gives  an  intense  black,  which  is  much  better  as  to  color  and  dnrability  than 
the  black  produced  when  iron  salts  are  used.  The  iron  acts  as  an  oxygen- 
carrier,  and  gradual  oxidation  of  the  leather  finally  renders  it  brittle. 
Titanium  salts  do  not  have  this  deleterious  effect  on  leathers,  and  therefore 
the  black  leathers  produced  from  titanium  have  a  greater  durability.'' 

il'itanous  Compound  and  Process  of  Making  Same,  Electroch.  Industrv,  1S04, 
vol.  ii,  p.  239. 

bLondon  Mining  Journal,  July  13,  1907,  p.  6S. 

cTitSDiuDi  Mordants,  Shoe  and  Leather  Reporter,  1908,  pp.  19-20. 
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In  the  dyeing  of  vegetable  tanned  leathers  there  is  a  wide  field  for  the 
application  of  titanium  salts  in  the  production  of  fast  triors,  almoet  anv 
shade  being  obtainable  by  mixing  the  proper  dyes. 

Titanium  oxalate  and  the  double  tartrates  and  lactates  of  titanium 
and  the  alkali  metals  are  also  used  in  leather  dyeing. 

Titanium  ferrocyanide  is  employed  as  a  substitute  for  the  poisonous 
Schweinfurth  green  and  other  arsenical  pigments." 

The  logwood  titanium  compound  makes  a  permanent  ink,  deep  black  in 
color,  which  undergoes  no  change  after  using. 

4.     BEFBACTOBT  COLOBINO  HATERIAL  DT  CERAMXCS,  ETC. 

■  In  the  porcelain  industry  rutile  is  used  to  give  a  beautiful,  soft  yello* 
color  under  the  glaze.  The  best  effects  in  muffle  colors  do  not  compare  in 
depth  and  richness  with  those  produced  under  the  glaze,  for  iu  firing  the 
glaze  and  the  pigment  fuse  together,  producing  a  softness  of  coloring  that 
may  be  obtained  in  no  other  way.  tJnder-glaze  painting  is  a  part  of  the 
ware  itself  and  not  a  coating  that  may  crack  or  peel  off;  the  finished 
product  is  perfectly  smooth  and  does  not  present  the  rough,  slightly  rai.~ei! 
surface  characteristic  of  muffle  colors. 

The  choice  of  colors  which  may  be  used  for  painting  on  porcelain  after 
firing  is  very  large,  and  gives  every  color  and  shade  that  could  be  desiriJ; 
but  the  list  of  colors  available  for  under-glaze  painting  is  e:;tremely  limiled. 
for  the  high  temperature  maintained  while  firing  destroys  all  but  the  most 
refractory  pigments.  Only  three  of  the  substances  used  in  porcelain 
dreoration,  upon  the  biscuit  or  under  the  glaze,  give  a  yellow  color,  namely. 
the  compounds  of  uranium,  and  the  oxides  of  iron  and  titanium.  Urauinm 
is  a  rare  metal  and  its  compounds  are  too  expensive  for  ordinary  use:  the 
oxide  of  iron  has  not  proved  entirely  satisfactory  and  the  color  produced 
admits  of  little  variation  in  tone  or  shade;  the  titanium  oxide  (rutile)  has 
none  of  these  <lisad\antages,  though  great  care  is  necessary  in  order  lo 
obtain  the  desired  results. 

Uutilc  used  alone  imparts  to  porcelain  a  fine  yellow  color,  the  cvair 
shade  depending  on  the  quantity;  it  may  be  employed  with  other 
substances  to  produce  various  secondary  colors;  and  it  is  not  affected  ^y 
the  temperature  of  the  kiln,  although  it  slightly  lowers  the  fusing  pint 
of  the  porcelain  when  much  of  it  is  used.  When  it  is  desired  to  use  Uf?? 
quantities  of  the  pigment  the  fusing  point  might  be  raised  by  decreasing 
the   proportion   of   feldspar.      Unless   care   is   taken   to   shield  porcelnin 
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products,  while  in  tlie  furnace,  from  tlie  action  of  reducing  gases,  the 
rutile  (TiOj)  will  be  rcduci-d  to  titanous  oxide  (TijO,),  which  imparts  a 
deep  copper-red  color  to  the  ware. 

In  the  manufacture  of  artificial  teeth  rutile  is  used  to  give  the  required 
color,  hut  for  this  purpose  only  the  purest  grades  of  finely  ground  material 
can  bo  employed.  Tlie  production  of  artificial  teeth  in  the  United  States 
has  been  estimated  to  reach  8,000,000  annually,  and  in  all  of  these  titanium 
dioxide  is  the  pigment  used.  The  teeth  are  moulded  from  a  paste  com- 
posed of  kaolin,  feldspar,  silica,  and  rutile,  the  proportions  by  weight  being 
approximately  kaolin  6  per  cent,  silica  19  per  cent,  and  feldspar  75  per 
cent,  while  the  amount  of  rutile  varies  from  0.5  per  cent  up  to  several 
per  cent  according  to  the  color  desired." 

5.     MISCELLANEOTrS  USES. 

Among  other  uses  for  titanium  products  may  be  mentioned  the  fol- 
lowing r 

Titanium  sesquioxide  (TijO,)  and  its  salts  are  employed  as  reducing 
agents  for  various  purposes,  especially  in  the  textile  industry.  Sodium 
titanous  sulphate  (Ti(SOJ,XasSO,.;iHjO)  and  titanous  chloride  (TiClj) 
have  been  found  most  useful. 

Titanium  dioxide  has  been  used  in  the  manufacture  of  a  protective 
paint  for  iron  and  steel. 

Titanous  sulphate  is  said  to  be  the  strongest  acid-rc^lucing  agent  now 
known,  reducing  chinon  to  hydrochinon,  and  throwing  coiijier  and  silver 
inr^tantaneously  out  of  solution  quantitatively  as  metal.''  I[  is  obtainable 
in  the  form  of  a  solution,  deep  violet  in  color,  and  is  used  to  decolorize 
old  paper,  dyed  fabrics,  and  other  discolorwl  matter. 

In  analytical  work  titanium  sulphate  (Ti{SO,)j)  may  be  employed  in 
determining  the  presence  of  fluorine.  .A.  solution  of  titanium  sulphate 
oxidized  by  hydrogen  pero.xide  gives  a  wine-colored  liquid,  and  the  degree 
of  decolorization  produced  by  addition  of  fluorine  indicates  the  amount  of 
fluorine  present.    This  method  is  accurate  for  very  small  quantities.'' 

Because  of  the  beautiful  light  effect  produced  by  titanium  during  com- 
bustion it  has  been  used  in  pyrotechnics. 

It  has  been  proposed  that  titanium  nitride  be  used  as  a  basis  for 
fertilizers  and  other  nitrogen  compounds,  and  patents  have  been   issued 
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covering  the  manufacture  of  titanium  nitride  as  a  by-product  in  tlie 
smelting  of  titaniferons  iron  ores.  The  titanium  aitrides  yield  ammonia 
when  heated  in  hydrogen,  and  the  reaction  for  the  formation  of  TigN,  and 
other  titanium  nitrides  might  be  used  as  the  basis  of  a  procpss  for  obtaining 
ammonia  from  atmospheric  nitrogen;  but  this  interesting  applieatioo  has 
not  been  employed  technically."  Moissan  found  that  TijN,  has  a  hardness 
greater  than  that  of  the  ruby  and  sufficient  to  slowly  polish  diamond-.'' 

Sometimes  crystals  of  rutile  are  found  sufficiently  clear  for  gem 
purposes. 

METHODS  OF  FBEFABING  TITANnnC  ALLOTS. 

Ferro-titaniiim. — Ferro-titanium  was  first  prepared  by  reducing  tlie 
o.xidea  of  iron  and  titanium  with  carbon  in  an  electric  furnace.  Titanium 
oxide  is  not  reduced  by  carbon  at  the  temperatures  attainable  in  the  blast 
furnace,  but  requires  the  high  heat  of  the  electric  furnace  for  its  reduction. 
Titanium  alloys  made  by  this  method  unavoidably  contain  from  5  to  9 
per  cent  carbon,  which  is  present  partly  as  graphite  and  partly  in  the  form 
of  carbides,  and  while  this  is  not  objectionable  for  some  purposes  it  is  for 
many  others,  where  it  is  necessary  to  use  an  alloy  containing  lc«s  than  one 
per  cent  carbon.  It  is  possible  by  subsequent  treatment  to  free  these  alloys 
from  a  large  part  of  their  carbon,  but,  in  most  cases,  it  is  very  difficult  to 
reduce  it  to  the  admissible  limit,  and  the  cost  is  prohibitive  when  working 
on  a  commercial  scale. 

Two  methods  have  been  employed  in  the  manufacture  of  ferro-titanium, 
practically  free  from  carbon,  both  of  which  depend  on  the  strong  reducing 
action  of  metallic  aluminum.  These  methods  are  known  as  the  Gold- 
Bchmidt,  or  "alum i no-thermic"  process,  and  the  Eossi  process;  the  former 
was  developed  by  Dr.  Hans  Goldschmidt,  and  is  used  principally  in  Europe; 
the  latter  by  A.  J.  Rossi,  and  is  employed  in  this  country  in  the  mana- 
facture  of  ferro-titanium  and  other  alloys. 

In  the  Goldschmidt  process  the  metallic  oxides  to  be  reduced  are  raised 
with  aluminum  in  proper  proportions,  both  being  finely  powdered ;  tlien. 
by  means  of  a  fuse,  some  point  within  the  mixture  is  brought  lo  (he 
temperature  at  which  aluminum  combines  with  oxygen,  after  which  the 
reaction  continues  without  the  addition  of  external  heat,  the  reduction 
taking  place  almost  instantaneously.  The  chief  objections  to  this  method 
are  the  high  cost  of  powdered  aluminum,  and  the  difficulty  of  obtaining  a 
complete  reduction  and  a  pure  product  when  the  reaction  takes  place  with 
such  rapidity. 
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In  the  process  developed  by  Mr.  Boss!  the  reduction  takes  place  in  a 
bath  of  aluminuiD,  The  aliuninum  in  ingots  or  any  other  form  is  melted 
down  in  an  electric  furnace,  and  the  required  amount  of  pig  iron  or  good 
scrap  iron  added  to  the  charge.  Eutile  is  now  introduced  into  the  bath 
of  molten  metal  and  the  temperature  raised  to  a  point  sufBciently  high  to 
atart  the  reaction  by  which  the  aluminum  combines  with  the  oxygen  of 
the  mtile,  the  latter  being  reduced  to  metallic  titanium  which  immediately 
alloys  with  the  iron. 

Ilmenite  or  titanic  iron  ore  may  be  used  in  the.  place  of  rutile  and 
metallic  iron  in  the  manufacture  of  ferro-titanium,  but  this  increases  the 
coat  of  the  process  by  the  amount  of  aluminum  necessary  to  reduce  the 
iron  oxide,  which  can  be  reduced  much  more  economically  in  other  ways, 
and  it  is  more  difficult  to  control  the  composition  of  the  resulting  alloy. 
Bossi  was  able  to  obtain  alloys  high  in  titanium  from  ilmenite  by  smelting 
in  an  electric  furnace  with  sufGcient  carbon  to  reduce  the  iron  osides,  but 
not  the  titanium  oxide ;  the  latter  combining  with  lime  and  silica  to  form 
a  slag  high  in  titanium  content,  which  was  subsequently  treated  in  a  bath 
of  alominum  and  the  titanium  reduced  in  the  manner  described  above. 
The  use  of  ilmenite  in  the  place  of  rutile  is  only  justifiable  when  the  cost 
of  rutile  is  so  high  as  to  exceed  the  increased  cost  of  manufacture  resulting 
from  the  greater  consumption  of  aluminum. 

Cupro-litatiium. — Cupro-titanium  is  manufactured  by  the  Kossi  process, 
the  rutile  being  reduced  in  a  bath  of  aluminum  to  which  copper  has  been 
added  to  alloy  with  the  metallic  titanium.  The  method  is  similar  in  every 
way  to  that  described  for  the  production  of  ferro-titanium  by  the  same 
process.  In  making  this  alloy  it  is  necessary  to  use  rutile  as  the  source  of 
titanium,  since  ilmenite  can  only  be  used  when  the  resulting  alloy  may 
contain  iron. 

Carbon  is  now  used  exclusively  as  the  reducing  agent  for  titanium  at 
the  Niagara  Falls  plant  of  the  Titanium  Alloy  Manufacturing  Co.,  replac- 
ing the  aluminum  bath  method  formerly  in  use.  It  is  a  secret  process,  but 
there  are  patents  covering  the  furnaces,  furnace  lining,  etc.  Magnetite 
lining  ia  said  to  be  used. 

There  is  still  some  of  the  ferro-titanium  manufactured  by  the  aluminum 
process  in  stock,  and  it  can  be  distinguished  from  the  new  product  obtained 
by  the  use  of  carbon  by  the  fact  that  the  former  is  smooth  and  shiny  while 
the  latter  is  rough. 

Experiments  to  improve  and  reduce  the  cost  of  manufacture  of  cupro- 
titanium  are  still  in  progress.  It  is  not  certain  whether  this  product  is  now 
on  the  market  or  not. 
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246. 
Detailed     description    of    occurrences, 

1H4-191. 
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Connecticut,  19-20. 

Maine.  20. 

MnssnchusettH,  20, 

New  Hampshire,  20. 
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Ontai 


>.  34. 


Quebec.  31-34. 

Other  localities,  33-.^4. 
St.   Irbain  deposits,  31-33. 
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Other  forms  of  occurrence,  veins. 

pegmatites,  etc.,   16-17. 
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Hvperstbene-quart?,   svenite.   237-240. 
Iltnenite  nelsonite,  106-117. 
Individual  description,  243-245. 
Magnetite  and  biotite  nelson  ilex,  liS- 

133. 
Nelsonite,  100-106.  241-24*. 
Pegmatite.  252. 
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